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PREFACE. 


Tlie  present  volume,  instead  of  closing,  like  Volume  XX.,  with 
the  calendar  year,  includes  also  the  proceedings  and  papers  of  Feb- 
ruary, 1893.  This  departure  from  the  plan  announced  in  the  Preface 
to  Volume  XX.  has  been  due  to  the  desire  to  reserve  the  whole  of 
Volume  XXII.  for  the  proceedings  and  papers  of  the  Chicago  Meet- 
ing of  August,  1893,  which  will  embrace  two  Divisions  (Mining  and 
Metallurgy)  of  the  International  Engineering  Congress,  which  have 
been  assigned  to  the  American  Institute  of  Mining  Engineers. 
Junk,  1893. 
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by  those  who  study  or  quote  a  paper  in  the  preliminary  edition,  that 
they  may  not  have  in  that  form  the  ultimate  and  deliberate  expression 
of  the  author's  views.  It  should  be  added,  however,  that  in  the  majority 
of  cases  there  is  no  essential  change,  the  correction  of  typographical 
errors  and  additions  of  later  information  being  the  usual  alterations.) 

4.  Special  editions  of  separate  papers,  for  which  there  is  demand. 
These  are  fully  revised,  and  are  usually  issued  in  pamphlet  covers. 

5.  Books.  Under  this  head  the  only  publications  are  an  Index  to 
Vols.  I.  to  XV.  inclusive ;  an  Index  to  Vols.  XVI.  to  XX.  inclusive; 
a  Glossary  of  Mining  and  Metallurgical  Terms ;  and  a  Memorial  of 
Alexander  Lyman  Holley. 

All  the  foregoing  publications  are  sent  free  to  members  and  associates 
not  in  arrears  at  the  time  of  publication.  They  are  also  for  sale  at  the 
office  of  the  Secretary,  or  are  sent  to  purchasers  by  mail  or  express, 
charges  paid,  on  receipt  of  the  price  by  the  Secretary,  as  follows : 

Classes  1  and  2,  above  mentioned,  at  the  following  rates : 


No.  OF  Pages. 

Single  Copies. 

10  Copies. 

20  Copies. 

8  or  less 

$0  06 
0  08 
0  12 
0  16 
0  20 
0  20 

$0  30 

0  60 

1  00 
1  25 
1  50 
1  75 

$0  50 
1  00 

1  50 

2  00 

2  50 

3  00 

8  to  12  inclusive 

12  to  16       "        

16  to  20      "        

20  to  24      "        

Over  24      "        

Class  3.  This  class  now  comprises  twenty-one  volumes  of  Transactions, 
for  sale  as  follows :  Vols.  I.  to  IV.,  inclusive,  at  S2  each ;  Vols.  V.  to 


xu 


PUBLICATIONS. 


VIII.,  inclusive,  at  $3  each  ;  all  other  volumes  at  S5  each,  except  Vol. 
X.,  of  which  the  supply  ou  hand  is  smallest,  and  the  price  of  which 
is  ^10.  These  prices  are  for  paper  covers.  Half-morocco  binding, 
61  extra  per  volume. 

Class  4.  This  class  now  includes  "Steel  Rails"  (Papers  by  Messrs. 
Sandberg,  Dudley  and  Holley,  and  discussions  at  two  meetings  in  1881, 
from  Vol.  IX,  of  the  Transactions),  price  SI;  "Technical  Education" 
(Papers  and  discussions  at  the  XVIIth  [Philadelphia]  meeting,  in  1876 
— mostly  not  in  the  Transactions),  price  50  cents;  "The  Law  of  the 
Apex  "  (including  the  Appendix),  and  "  Lode- Locations,"  by  R.  W. 
Raymond,  price  25  cents  each  ;  Lithographic  Geological  Map  of  the 
United  States,  colored  after  the  scale  proposed  by  the  International 
Geological  Congress,  together  with  an  explanatory  and  historical  paper 
by  Prof.  C.  H.  Hitchcock,  price  $1.25.  "  List  of  Members,  Rules,  etc.," 
price  25  cents. 

Class  5.  Index  to  Vols.  I.  to  XV.,  inclusive,  of  the  Transactions,  price, 
in  stiff  cloth  covers,  $1,  in  half-morocco,  S2.  Index  to  Vols.  XVI.  to 
XX.  inclusive,  price  in  paper  covers,  $1.  Indexes  I.-XV.  and  XVI.- 
XX.  bound  together  in  one  volume,  cloth,  $2.50.  "Memorial  of 
Alexander  Lyman  Holley,"  in  cloth,  with  frontispiece-portrait,  price 
SI.  "Glossary  of  Mining  and  Metallurgical  Terms,"  by  R.  W.  Ray- 
mond (from  Vol.  IX.  of  the  Transactions),  in  cloth,  price  50  cents. 

AUTHORS'  EDITIONS. 
Extra  copies,  when  ordered  before  the  types  have  been  distributed, 
are  furnished  to  authors  under  Rule  VII.,  at  the  following  rates: 


No.  OF  Pages. 

50  Copies. 

100  Copies. 

250  Copies. 

Each  addi- 
tional lOOcopies 
above  250. 

4  or  less, 

$1  25 

1  75 

2  25 

2  75 

3  25 

3  75 

4  25 
4  75 

1  50 

$1  50 

2  25 

3  00 

3  75 

4  50 

5  25 

6  00 
6  75 

2  00 

$2  25 

3  25 

4  25 

5  25 

6  25 

7  25 

8  25 

9  25 

3  00 

$0  50 

0  75 

1  00 
1  25 
1  50 

1  75 

2  00 
2  25 

0  50 

4  to  8  inclusive, 

8  to  12       "         

12  to  16     "         

16  to  20    "        

20  to  24     "         

24  to  28     "         

28  to  32     "         

Covers  (including  print- 
ing on  first  page  of  the 
same),  extra, 

When  a  paper  contains  one  or  more  separate  plates  or  "  folders,"  these  will  be 
charged  in  reprinting  as  follows:  One  page  or  one  fold,  the  same  as  four  pages  in 
the  above  table ;  each  additional  fold,  the  same  as  four  additional  pages.  These 
prices  are  for  j)lates  on  the  ordinary  paper,  used  in  the  edition  issued  "  subject  to 
revision."  If  special  bank-note  paper  is  desired,  sucli  as  is  used  in  the  Volumes 
of  Transactions,  the  price  for  the  plates  will  be  doubled. 

All  communications  and  remittances  should  be  addressed  to  R.  W. 
Raymond,  Secretary,  P.  O.  Box  223,  New  York  City. 


RULES 


ADOPTED  MAY,  1873.     AMENDED  MAY,  1875, 1877,  AND  1878,  FEBRUARY,  1880, 1881, 

1887,  AND  1890. 


I. 

OBJECTS. 


The  objects  of  the  American  iNsxiTrTE  of  Mining  Engineers  are  to  promote 
the  arts  and  sciences  connected  with  the  economical  production  of  the  useful  min- 
erals and  metals,  and  the  welfare  of  those  employed  in  these  industries,  by  means 
of  meetings  for  social  intercourse,  and  the  reading  and  discussion  of  professional 
papers,  and  to  circulate,  by  means  of  publications  among  its  members  and  associates, 
the  information  thus  obtained. 

11. 

MEMBEBSHIP. 

The  Institute  shall  consist  of  Members,  Honorary  Members,  and  Associates. 
Members  and  Honorary  Members  shall  be  professional  mining  engineers,  geologists, 
metallurgists,  or  chemists,  or  persons  practically  engaged  in  mining,  metallurgy,  or 
metallurgical  engineering.  Associates  shall  include  all  suitable  persons  desirous  of 
being  connected  with  the  Institute,  and  duly  elected  as  hereinafter  provided.  Each 
person  desirous  of  becoming  a  member  or  associate  shall  be  proposed  by  at  least 
three  members  or  associates,  approved  by  the  Council,  and  elected  by  ballot  at  a 
regular  meeting  (or  by  ballot  at  any  time  conducted  through  the  mail,  as  the  Coun- 
cil may  prescribe)  upon  receiving  three-fourths  of  the  votes  cast,  and  shall  become  a 
member  or  associate  on  the  payment  of  his  first  dues.  Each  person  proposed  as  an 
honorary  member  shall  be  recommended  by  at  least  ten  members  or  associates,  ap- 
proved by  the  Council,  and  elected  by  ballot  at  a  regular  meeting  (or  by  ballot  at  any 
time  conducted  through  the  mail,  as  the  Council  may  prescribe)  on  receiving  nine- 
tenths  of  the  votes  cast ;  Provided,  that  the  number  of  honorary  members  shall  not 
exceed  twenty.  The  Council  may  at  any  time  change  the  classification  of  a  person 
elected  as  associate,  so  as  to  make  him  a  member,  or  vice  versa,  subject  to  the  ap- 
proval of  the  Institute.  All  members  and  associates  shall  be  equally  entitled  to  the 
privileges  of  membership ;  Provided,  that  honorary  members  shall  not  be  entitled 
to  vote. 


XIV  RULES. 

Any  member  or  associate  may  be  stricken  from  the  list  on  recommendation  of  the 
Council,  by  the  vote  of  three-fourths  of  the  members  and  associates  present  at  any 
annual  meeting,  due  notice  having  been  mailed  in  writing  by  the  Secretary  to  the 
said  member  or  associate. 


III. 
DUES. 

The  dues  of  members  and  associates  shall  be  ten  dollars,  payable  upon  their 
election,  and  ten  dollars  per  annum  thereafter,  payable  in  advance  at  the  annual 
meeting.  Honorary  members  shall  not  be  liable  to  dues.  Any  member  or  asso- 
ciate not  in  arrears  may  become  by  the  payment  of  one  hundred  dollars  at  one  time 
a  life-member  or  associate,  and  shall  not  be  liable  thereafter  to  annual  dues.  Any 
member  or  associate  in  arrears  may,  at  the  discretion  of  the  Council,  be  deprived 
of  the  receipt  of  publications,  or  stricken  from  the  list  of  members  when  in  arrears 
for  one  year;  Provided,  that  he  may  be  restored  to  membership  by  the  Council  ou 
payment  of  all  arrears,  or  by  re-election  after  an  interval  of  three  years. 


IV. 

OFFICEBS. 

The  affairs  of  the  Institute  shall  be  managed  by  a  Council,  consisting  of  a  Presi- 
dent, six  Vice-Presidents,  nine  Managers,  a  Secretary  and  a  Treasurer,  who  shall  be 
elected  from  among  the  members  and  associates  of  the  Institute  at  the  annual 
meetings,  to  hold  office  as  follows  : 

The  President,  the  Secretary,  and  the  Treasurer  for  one  year  (and  no  person  shall 
be  eligible  for  immediate  re-election  as  President  who  shall  have  held  that  office 
subsequent  to  the  adoption  of  these  rules,  for  two  consecutive  years),  the  Vice-Presi- 
dents for  two  years,  and  the  Managers  for  three  years ;  and  no  Vice-President  or 
Manager  shall  be  eligible  for  immediate  re-election  to  the  same  office  at  the  expira- 
tion of  the  term  for  which  he  was  elected.  At  each  annual  meeting  a  President, 
three  Vice-Presidents,  three  Managers,  a  Secretary  and  a  Treasurer  shall  be  elected, 
and  the  term  of  office  shall  continue  until  the  adjournment  of  the  meeting  at  which 
their  successors  are  elected. 

The  duties  of  all  officers  shall  be  such  as  usually  pertain  to  their  offices,  or  may 
be  delegated  to  them  by  the  Council  or  the  Institute  ;  and  the  Council  may  in  its 
discretion  require  bonds  to  be  given  by  the  Treasurer.  At  each  annual  meeting  the 
Council  shall  make  a  report  of  proceedings  to  the  Institute,  together  with  a  financial 
statement. 

Vacancies  in  the  Council  may  occur  by  death  or  resignation ;  or  the  Council  may, 
by  a  vote  of  the  majority  of  all  its  members,  declare  the  place  of  any  officer  vacant, 
on  his  failure  for  one  year,  from  inability  or  otherwise,  to  attend  the  Council  meet- 
ings or  perform  the  duties  of  his  office.  All  vacancies  shall  be  filled  by  the  appoint- 
ment of  the  Council,  and  any  person  so  appointed  shall  hold  office  for  the  remainiler 
of  the  term  for  which  his  predecessor  was  elected  or  appointed  ;  Provided,  that  the 
said  appointment  shall  not  render  him  ineligible  at  the  next  annual  meeting. 


RULES.  XV 

Five  members  of  the  Council  shall  constitute  a  quorum  ;  but  the  Council  may 
appoint  an  Executive  Committee,  or  business  may  be  transacted  at  a  regularly  called 
meeting  of  the  Council,  at  which  less  than  a  quorum  is  present,  subject  to  the  ap- 
proval of  a  majority  of  the  Council,  subsequently  given  in  writing  to  the  Secretary, 
and  recorded  by  him  with  the  minutes. 

V. 

ELECTIONS. 

The  annual  election  shall  be  conducted  as  follows  :  Nominations  may  be  sent  in 
writing  to  the  Secretary,  accompanied  with  the  names  of  the  proposers,  at  any  time 
not  less  than  thirty  days  before  the  annual  meeting  ;  and  the  Secretary  sliall,  not 
less  than  two  weeks  before  the  said  meeting,  mail  to  every  member  or  associate  (ex- 
cept honorary  members),  a  list  of  all  the  nominations  for  each  ofBce  so  received, 
together  with  a  copy  of  this  rule,  and  the  names  of  the  persons  ineligible  for 
election  to  each  office ;  and  if  the  Council,  or  a  Committee  thereof,  appointed 
for  the  purpose,  shall  have  recommended  any  nominations,  such  recommendation 
may  also  be  sent  to  members  and  associates  with  the  said  list  of  all  nominations 
made,  but  not  upon  the  same  paper.  And  each  member  or  associate,  qualified  to 
vote,  may  vote,  either  by  striking  from  or  adding  to  the  names  of  the  said  list,  leav- 
ing names  not  exceeding  in  number  tlie  officers  to  be  elected,  or  by  preparing  a 
new  list,  signing  said  altered  or  prepared  ballot  with  his  name,  and  either  mailing 
it  to  the  Secretary  or  presenting  it  in  person  at  the  annual  meeting ;  Provided,  that 
no  member  or  associate  in  arrears  since  the  last  annual  meeting  shall  be  allowed  to 
vote  until  the  said  arrears  shall  have  been  paid.  The  ballots  shall  be  received  and 
examined  by  three  Scrutineers,  appointed  at  the  annual  meeting  by  the  presiding 
officer;  and  the  persons  who  shall  have  received  the  greatest  number  of  votes  for 
the  several  offices  shall  be  declared  elected,  and  the  Scrutineers  shall  so  report  to 
tlie  presiding  officer.  The  ballots  shall  be  destroyed,  and  a  list  of  the  elected 
officers,  certified  by  the  Scrutineers,  shall  be  preserved  by  the  Secretary. 


VI. 

MEETINGS. 

The  annual  meeting  of  the  Institute  shall  take  place  on  the  thii'd  Tuesday  of 
February,  at  which  a  report  of  the  proceedings  of  the  Institute  and  an  abstract  of 
the  accounts  shall  be  furnished  by  the  Council.  Two  other  regular  meetings  of  the 
Institute  shall  be  held  in  each  year,  at  such  times  and  places  as  the  Council  shall 
select,  and  notice  of  all  meetings  shall  be  given  by  mail,  or  otherwise,  to  all  mem- 
bers and  associates,  at  least  twenty  days  in  advance.  Special  meetings  may  be 
called  whenever  the  Council  sees  fit ;  and  the  Secretary  shall  call  a  special  meeting 
on  a  requisition  signed  by  fifteen  or  more  members.  The  notices  for  special  meet- 
ings shall  state  the  business  to  be  transacted,  and  no  other  shall  be  entertained. 

Every  question  which  shall  come  before  any  meeting  of  the  Institute,  shall  be 
decided,  unless  otherwise  provided  by  these  Rules,  by  the  votes  of  a  majority  of 
the  members  then  present.  Any  member  or  associate  may  introduce  a  stranger  to 
any  meeting ;  but  the  latter  shall  not  take  part  in  the  proceedings  without  the  con- 
Bent  of  the  meeting. 

B 


XVI  RULES. 

VII. 
FAPEBS. 

The  Council  shall  have  power  to  decide  on  the  propriety  of  communicating  to  the 
Institute  any  papers  which  may  be  received,  and  they  shall  be  at  liberty,  when  they 
think  it  desirable,  to  direct  that  any  paper  read  before  the  Institute,  shall  be  printed 
in  the  Transactions.  Intimation,  when  practicable,  shall  be  given,  at  each  general 
meeting,  of  the  subject  of  the  paper  or  papers  to  be  read,  and  of  the  questions  for 
discussion  at  the  next  meeting.  The  reading  of  papers  shall  not  be  delayed  beyond 
such  hour  as  the  presiding  officer  shall  think  proper  ;  and  the  election  of  members 
or  other  business  may  be  adjourned  by  the  presiding  officer,  to  permit  the  reading 
and  discussion  of  papers. 

The  copyright  of  all  papers  communicated  to,  and  accepted  by,  the  Institute,  shall 
be  vested  in  it,  unless  otherwise  agreed  between  the  Council  and  the  author.  The 
author  of  each  paper  read  before  the  Institute  shall  be  entitled  to  twelve  copies,  if 
printed,  for  his  own  use,  and  shall  have  the  right  to  order  any  number  of  copies  at 
the  cost  of  paper  and  printing,  provided  said  copies  are  not  intended  for  sale.  The 
Institute  is  not,  as  a  body,  responsible  for  the  statements  of  fact  or  opinion  advanced 
in  papers  or  discussions  at  its  meetings,  and  it  is  understood  that  papers  and  discus- 
sions should  not  include  matters  relating  to  politics  or  purely  to  trade. 


VIII. 

AMENDUENTS. 

These  Rules  may  be  amended  at  any  annual  meeting  by  a  two-thirds  vote  of  the 
members  present ;  Provided,  that  written  notice  of  the  proposed  amendment  shall 
have  been  given  at  a  previous  meeting ;  and  Provided,  also,  that  the  amendment  or 
amendments  so  adopted  shall  be  printed  upon  a  ballot  and  sent,  not  later  than  the 
next  distribution  of  printed  matter,  to  all  members  and  associates  not  in  arrears 
for  the  preceding  year  (except  honorary  members  and  foreign  members  elected 
before  February,  1880),  and  each  person  receiving  the  same  shall  be  requested  to 
return  it  to  the  Secretary  with  his  written  vote  of  Yes  or  No  to  each  amendment, 
and  his  signature;  and  the  President  shall  appoint  as  scrutineers  three  members  or 
associates,  who  shall  examine  all  of  the  said  ballots  which  shall  have  been  returned 
within  one  month  from  the  date  of  their  distribution,  and  shall  report  the  result ; 
and  the  Secretary  shall  publish  and  distribute  to  members,  not  later  than  the  next 
distribution  of  printed  matter,  an  announcement  of  the  said  result  so  reported, 
together  with  the  text  of  the  additional  or  amended  rule  or  rules  so  adopted  ;  and 
the  amendment  or  amendments  approved  by  the  majority  of  the  ballots  so  returned 
and  reported  shall  become  part  of  these  rules  from  and  after  the  publication  of  said 
announcement  by  the  Secretary. 


PROCEEDINGS. 


PROCEEDINGS  OF  THE  SIXTY- FIR  ST  {TWENTY-SECOND 

ANNUAL)  MEETING,  BALTIMORE.,  MD., 

FEBRUARY,  J 892. 

I^ocAL  Committees. 

General  Committee. — James  W.  Tyson,  Chairman  ;  J.  Harry  Lee,  Secretary. 

Executive  Committee. — James  W.  Tyson,  Chairnvm ;  John  R.  Bland,  James  D. 
Dagron,  David  T.  Day,  J.  Harry  Lee. 

Finance  Committee. — John  R.  Bland,  F.  H,  Smith,  Enoch  Pratt,  James  A.  Gary, 
James  W.  Tyson,  Thomas  M.  Chatard,  H.  Irvine  Keyser. 

Hotel  and  Hall  Committee. — David  Baker,  Thomas  M.  Chatard,  Thomas  M.  King, 
H.  B.  C.  Nitze,  Francis  T.  Peacock,  David  T.  Day,  W.  B.  Clark,  W.  S.  Aldrich. 

Banguet  and  Reception  Committee. — George  H.  Williams,  J.  Harry  Lee,  David 
Baker,  Thomas  M.  Chatard,  W.  B.  Clark,  Arnold  K.  Reese,  B.  S.  Randolph. 

Excursion  Committee. — James  G.  Dagron,  Mayor  Latrobe,  ex-Mayor  Davidson, 
Charles  F.  Mayer,  Thomas  W.  King,  Mr.  Whitney,  Charles  C.  CoflSn,  M.  Weis, 
Walter  J.  Franklin,  R.  W.  L.  Rasin,  William  Keyser,  George  H-  Pope,  George  C. 
Wilkens. 

Hotel  Headquarters. — Hotel  Rennert. 

The  opening  session  was  held  on  Tuesday  evening,  February  16th, 
at  Levering  Hall,  Johns  Hopkins  University.  The  meeting  was 
called  to  order  by  Mr,  James  W.  Tyson,  chairman  of  the  Local 
Committee.  After  cordially  greeting  the  visiting  members  and 
guests,  Mr.  Tyson  introduced  Hon.  Ferdinand  C.  Latrobe,  Mayor  of 
Baltimore,  who,  in  a  felicitous  address,  welcomed  the  Institute  to 
Baltimore. 

Mr.  Tyson  then  introduced  President  D.  C.  Gilman,  of  Johns 
Hopkins  University,  who  eloquently  expressed  a  similar  welcome 
on  the  part  of  the  representatives  of  science  and  learning  connected 
with  that  institution. 

After  an  appropriate  acknowledgement  of  these  addresses  by 
President  Birkinbine,  the  Secretary  read  a  Biographical  Notice  of 
Edward  Nichols,  by  AVilliam  G.  Neilson,  Philadelphia,  Pa. 

Due  announcement  was  also  made  of  the  very  recent  death  of 
Dr.  T.  Sterry  Hunt,  an  ex-President  and  a  distinguished,  honored, 
and  beloved  member  of  the  Institute,  a  more  formal  notice  of  whose 
career  was  announced  for  the  next  meeting, 

Mr.  George  F.  Kunz,  of  New  York  city,  then  exhibited  and  ex- 
plained a  number  of  stereopticon  views  illustrating  the  mining  of 
gems  in  Russia. 


XX  PEOCEEDIXGS   OF   THE   BALTIMORE   MEETING. 

At  the  close  of  the  session,  a  social  reception  was  given  to  mem- 
bers and  guests  by  the  Johns  Hopkins  University, 

The  second  session  was  held  Wednesday  morning  at  Hopkins 
Hall,  Johns  Hopkins  University. 

Messrs.  E.  V.  D'Invilliers,  S.  G.  Valentine,  and  E.  W.  Parker 
were  appointed  scrutineers,  to  examine  the  ballots  for  officers. 

The  following  papers  were  read  and  discussed  : 

The  Magnetic  Iron-Ores  of  Ashe  County,  North  Carolina,  by 
H.  B.  C.  Xitze,  Chapel  Hill,  N.  C. 

Granulating  Magnetic  Iron-Ore  with  the  Sturtevant  Mill,  at  Croton 
Magnetic  Iron-Mines,  X.  Y.,  by  W.  H.  Hoffman,  Brewster,  N.  Y. 

A  Xew  Tin-Mineral  in  the  Black  Hills,  by  T.  Ulke,  Wash- 
ington, D.  C. 

The  "Great  Gossan  Lead"  of  Virginia,  by  Edgar  C.  Moxham, 
Pulaski,  Va. 

At  the  third  session,  held  on  Wednesday  afternoon  at  the  same 
place,  the  following  papers  were  read  and  discussed  : 

A  Preliminary  Sketch  of  the  Phosphates  of  Florida,  by  George 
H.  Eldridge,  Washington,  D.  C. 

Phosphate  Chemistry  as  it  Concerns  the  Miner,  by  Thomas  M. 
Chatard,  Washington,  D.  C. 

Notes  on  the  Geological  Origin  of  Phosphate  of  Lime  in  the 
United  States  and  Canada,  by  Walter  B.  M.  Davidson,  New  York 
city. 

Basic-Slags  as  Fertilizers,  by  W.  H.  Morris,  Pottstown,  Pa. 

The  following  were  presented  by  the  Secretary  in  the  absence  of 
the  authors : 

List  of  Minerals  Containing  at  Least  One  Per  Cent,  of  Phos- 
phoric Acid,  by  W.  B.  Phillips,  Grand  Rivers,  Ky. 

Laurentian  Low-Grade  Phosphate-Ores,  by  John  Stewart,  Ot- 
tawa, Can. 

Association  of  Apatite  with  Beds  of  Magnetite,  by  W.  P.  Blake, 
New  Haven,  Conn. 

Contributions  to  the  Early  History  of  the  Industry  of  Phosphate 
of  Lime  in  the  United  States,  by  W.  P.  Bhike,  New  Haveu,  Conn. 

At  the  fourth  session,  held  on  Wednesday  evening  at  the  same 
place,  the  following  papers  were  read  and  discussed: 

Preservation  of  the  Hearth  and  Bosh- Walls  of  the  Blast-Furnace, 
by  James  Gay  ley,  Braddock,  Pa. 
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The  Control  of  Silicon  in  Pig-iron,  by  W.  H.  Morris,  Potts- 
town,  Pa. 

The  scrutineers,  appointed  at  a  previous  session,  submitted  their 
report,  declaring  the  following  officers  to  have  been  elected  : 

President. 
John  Birkinbine, Philadelphia,  Pa. 

Vice-Presidents. 
(To  serve  two  years.) 

Thomas  M.  Drown, Boston,  Mass. 

David  T.  Day, Washington,  D.  C. 

John  Stanton New  York  City. 

Managers. 
(To  serve  three  years.) 

H.  L.  HoLLis, Chicago,  111. 

George  W.  Goetz, Milwaukee,  Wis. 

Charles  Kirchhoff, New  York  City. 

Treasurer. 
Theodore  D.  Rand, Philadelphia,  Pa. 

Secretary. 
RossiTER  W.  Raymond, New  York  City. 

The  following  papers  were  read  by  title  only  : 

Experiments  with  the  Roessler  Converter  at  the  Marsac  Refinery,. 
Park  City,  Utah,  by  C.  A.  Stetefeldt,  San  Francisco,  Cal. 

The  Simultaneous  Production  of  Ammonia,  Tar,  and  Heating,- 
Gas,  by  Alphonse  Hennin,  Springfield,  111. 

Notes  on  the  Selection  of  Iron-Ores,  Limestones  and  Fuels  for  the 
Blast-Furnace,  by  Fred.  W.  Gordon,  Philadelphia,  Pa. 

Coals  and  Cokes  of  Eastern  Kentucky,  by  Joseph  H,  Allen,  Pine- 
ville,  Ky. 

La  Gardette:  The  History  of  a  French  Gold-Mine,  by  T.  A, 
Rickard,  Allemont,  Isere,  France. 

High-Pressure  Hydraulic  Presses  in  Iron- Works,  by  R.  IVL 
Daelen,  Diisseldorf,  Germany, 

Zinc-Blende  Mines  and  Mining  near  Webb  City,  Missouri,,  by 
Carl  Henrich,  Ducktown,  Tenn. 

A  New  Method  of  Removing  Skulls  from  Direct-Metal  Ladles, 
by  David  Baker,  Sparrow's  Point,  Md, 
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Extraction  of  Ore  from  Wide  Veins  or  Masses,  by  G.  D.  Delprat, 
London,  Eng. 

Ancient  Method  of  Silver-Lead-Smelting  in  Peru,  by  Otto  F. 
Pfordte,  Jersey  City,  N.  J. 

Fluorspar-Deposits  of  Southern  Illinois,  by  S.  F.  Emmons,  Wash- 
ington, D.  C. 

The  Desilverization  of  Lead-Slags,  by  H.  A.  Keller,  Butte,  Mont. 

Bohemian  Garnets,  by  George  F.  Kunz,  New  York  City. 

Also,  further  discussion  of  the  paper  of  A.  E.  Hunt,  on  Tests 
and  K«quirements  of  Structural  Wrought-Iron  and  Steel.* 

The  fifth  and  final  session  was  held  on  Friday,  on  board  the 
steamer  St.  Mary's,  during  the  excursion  of  that  day. 

The  Annual  Report  of  the  Council  was  presented  by  title,  to  be 
subsequently  published,  as  follows: 

Annxtal  Report  of  the  Council. 

In  accordance  with  the  rules,  the  Council  makes  the  following 
report  to  the  Institute:: 

The  financial  statement  of  the  Secretary  and  Treasurer  shows  re- 
ceipts for  the  year  from  all  sources,  including  the  balance  at  the 
beginning  of  the  year,  of  $25,940.27,  and  expenditures  of  $24,221.38, 
leaving  a  surplus  of  $1718.89.  In  addition  to  this,  the  Treasurer 
holds  United  States  bonds  of  the  par  value  of  $2900  (market  value 
about  $3385),  and  a  special  deposit  of  $4598,  proceeds  of  United 
States  bonds  called  in  and  paid  by  the  government,  which  fund  has 
not  yet  been  permanently  re-invested. 

The  detailed  statement  of  current  receipts  and  expenses  is  as  follows : 


Keceipts. 

Balance  from  statement,  February  I,  1891, 
Received  for  dues  from  members  and  associates, 

"       "      life-memberships,  .... 

"       "      sale  of  publications, 

"       "      binding  of  Transactions, 

"       "      authors'  pamphlets, 

"       "      electrotypes  and  authors'  engraving,  etc.. 


interest  on  United  "States  bonds  and  deposits, 


S72  90 


5120,298 

37 

1,690 

00 

1,914 

71 

222 

73 

360  56 

293 

82 

24,785 

282 

19 

18 

$25,940  27 


*  Included  in  vol.  xx.,  pp.  677-731. 
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DlSBURSEM  ENTS. 

Paid  for  printing  Volume  XIX.  of  Transactions,        .         .  $3,867  26 

"       "         "         pamphlet  edition  of  papers  and  L.  of  M.,  3,044  00 

"       "         "         authors'  editions  of  papers,    .         .         ,  247  75 

"       "        "         mailing  list 37  50 

"       "         "         circulars,  ballots,  and  prepaid  envelopes,  689  99 

"       "  binding  of  Volume  XIX   of  Transactions,  .         .  2,374  60 

''       "        "        of  other  volumes  of  Transactions,    .         .  200  88 

"       "        "        of  exchanges, 112  32 

"       "  engraving  and  electrotyping,        ....  1,619  89 

"       "  postage,  including  P.O.  box  rent,          .         .         .  1,086  42 

"       "  stationery 157  19 

"       "  rent  of  office, 800  00 

"       "  express  and  freight  charges,         ....  377  85 

"       "  janitor's  fees, 106  00 

"       "  telegrams  and  car  fares,        .....  28  79 

"       "  insurance, 9  00 

"      ''  coal,  ice,  and  porters, 88  25 

"       "  salaries,  Secretary,  assistants,  and  stenographers,  7,927   18 

"       "  expenses  of  Secretary  attending  meetings,  .         .  132  08 

"       "  storage  on  Transaction.'^, 26  28 

"       "  telephone, 148  85 

"       "  gas, 16  37 

"       "  miscellaneous  expenses  mailing  batches,      .         .  42  43 

"    express  companies  for  delivering  volumes,  etc.,         .  953  00 

"     Information  Bureau,  Park  Avenue  Hotel  (I.  &  S.  I.),  70  00 
"     for  engraving   and    engrossing   of   life-membership 

certificates, 52  50 

"       "  deposit  vault  of  Treasurer, 5  00 

$24,221  38 

Balance, 1,718  89 


$25,940  27 


It  will  be  seen  that  the  receipts,  apart  from  the  cash  balance  at  the 
beginning  of  the  year,  have  been  $845.79  greater  than  the  expendi- 
tures,— a  result  which  is  especially  encouraging,  because  a  consider- 
able sum  has  been  paid  out  on  account  of  the  extraordinary  expenses 
connected  with  the  International  Meetings  of  1890.  The  payments 
properly  chargeable  to  that  account  cannot  well  be  separated  from 
the  rest.  They  are  mainly  included  in  the  cost  of  printing,  binding, 
and  circulating  Volume  XIX.  of  the  Transactions,  and  the  special 
souvenir  volume  (substantial  ly  the  same  as  to  contents  as  Volume  XIX. 
except  as  to  title-page  and  a  part  of  the  preliminary  matter)  which 
was  issued  for  presentation  to  the  foreign  guests  of  1890.  As  this 
volume  included  (by  permission  of  the  Iron  and  Steel  Institute)  the 
papers  read  before  that  society,  as  well  as  the  papers  read  before  this 
Institute,  and  those  presented  at  the  International  Sessions  in  Pitts- 
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burgh,  it  became  unexpectedly  large,  and  too  heavy  to  be  transmitted 
by  mail  to  foreign  countries  under  the  regulations  of  the  Inter- 
national Postal  Union.  Through  the  courtesy  of  the  Councils  of  the 
Iron  and  Steel  Institute  and  the  Verein  Deutscher  Eisenhiitten- 
leute,  and  the  kind  co-operation  of  Messrs.  J.  S.  Jeans  and  E. 
Schrodter,  the  secretaries  of  these  societies,  the  larger  part  of  the 
special  souvenir  edition  was  distributed  from  the  offices  of  the  two 
societies  ;  but  the  weight  of  (he  volume  has  largely  increased  the  cost 
of  delivery  to  our  own  foreign  members,  as  well  as  to  those  of  our 
late  guests  who  were  not  members  of  the  societies  named. 

In  this  connection,  the  Council  cannot  omit  to  make  record 
(though  the  mere  record  is  an  inadequate  acknowledgment)  of  the 
abundant  expressions,  official  and  unofficial,of  pleasure,  compliment, 
and  grateful  remembrance,  which  have  been  received  from  the  socie- 
ties and  individual  guests  taking  part  in  the  international  and  other 
excursions  of  1890.  Frank  acknowledgment  is  due,  on  this  as  on 
every  other  occasion  when  the  subject  is  mentioned,  to  the  other 
technical  societies  of  the  United  States  who  cordially  co-operated  in 
the  reception  of  our  foreign  guests,  and,  above  all,  to  the  General 
Committee  of  Reception,  representing  not  only  the  leading  American 
engineering  associations,  but  also  the  iron  and  steel  trade  of  the 
country,  and  to  the  various  local  committee-,  whose  liberal  hospi- 
tality contributed  so  largely  to  the  memorable  result.  The  Council 
notes  with  justifiable  pride,  not  only  that  the  members  of  the  Insti- 
tute were,  as  individuals,  active  in  all  these  enterprises  of  social  and 
professional  entertainment,  but  that  the  heads  of  all  committees  were, 
with  few  exceptions,  members  of  the  Institute — a  gratifying  proof  of 
its  truly  representative  national  character. 

The  abundant  recognition,  on  the  part  of  our  late  guests,  of  these 
expressions  of  American  hospitality,  has  assumed  so  many  forms  as 
to  defy  complete  enumeration.  Next  to  the  private  utterances,  in 
person  or  by  letter,  of  which  so  many  of  us  have  been  the  recipients, 
should  perhaps  be  ranked  the  addresses,  essays,  papers  and  reports, 
published  in  Great  Britain  and  Europe,  which  have  expressed  both 
pleasant  friendly  recollections  and  high  professional  appreciation  of 
American  progress.  •  Besides  these  general  and  public  acknowledg- 
ments, a  large  number  of  official  diplomas  and  letters  of  thanks  have 
been  received  by  persons  connected  with  the  entertainment  of  our 
guests ;  and  both  the  Iron  and  Steel  Instituteand  the  Verein  deutscher 
Eisenhiittenleute  have  honored  with  beautiful  and  valuable  testi- 
monials several  of  the  leading  representatives  of  their  late  hosts.    As 
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it  is  impossible  to  give  a  complete  list  or  an  adequate  description  of 
these  private  testimonials,  details  concerning  them  are  here  omitted. 
The  Council  cannot  forbear,  however,  to  mention  more  particularly 
the  magnificent  illuminated  address  upon  parchment,  bound  in  a 
superb  folio  volume,  forwarded  by  the  Verein  deutscher  Eisenhiit- 
tenleute  to  the  American  Institute  of  Mining  Engineers,  which  was 
exhibited  at  the  Glen  Summit  meeting.  This  work  of  art,  which 
would  rank  with  the  exquisite  masterpieces  of  the  past,  comprises  a 
pictorial  and  symbolic  title-page,  followed  by  English  and  German 
versions  of  the  address.     The  German  version  is  as  follows  : 

Dem  American  Institute  of  Mining  Engineers  spricht  der  Yerein  deutscher 
Eisenhuttenleute  liir  den  gliinzenden  Enipfang,  far  diegrossartige  Aufnahme,  fur  die 
dabei  kundgegebene  Herzlichkeit  und  unbegrenzte  Gastfreundschaft,  welche  seine 
in  der  zahl  von  130  an  den  Versammlungen  in  New  York  und  Pittsburgii  und  den 
weiten  und  bequemen  Reisen  durch  die  Hauptindustriebezirke  theilnehnienden 
Mitglieder  aller  Orten  wahrend  des  vierwocliigen  Aufenthalts  gefunden  haben 
warmen  und  tiefempfundenen  Dank  aus. 

Dieser  Dank  richtet  sich  zunachst  an  das  American  Institute  of  Mining  Engineers 
als  Korperschaft,  er  richtet  sich  an  jedes  Einzelne  seiner  Mitglieder,  in  hoher  Aner- 
kennung  deren  personliche  Aufopferung  und  Gastfreiheit,  er  gilt  nicht  minder  der 
Liebenswurdigkeit  ihrer  Damen,  welche  sc  manche  Stunde  verschont  hat. 

Unsere  Mitglieder  haben  von  den  stiindig  und  rait  hoch  anerkennenswerther 
Oflenheit  gebotenen  Gelegenheiten  Amerikanisch-nationale  Einrichtungen,  Fabrik- 
atiensweisen,  und  die  vorhandenen  Hiilfsquellen  zu  besichtigen,  zu  ihrera  und  ihrer 
daheimgebliebenen  Landsleute  Vortheil  eingehend  Gebrauch  gemacht,  und  sind  die 
in  den  Vereinigten  Staaten  von  Nord- America  vom  Yerein  verlebten  ebenso  lehr- 
wie  genussreichen  Octobertage  unverganglich  in  den  Herzen  der  Mitglieder  und 
in  dankbarer  Erinnerung  in  den  Annalen  des  Vereins  eingetragen. 

Yerein  deutscher  Eisenhukttenleute, 

C     LUEG  ^-    SCHROEDTER, 

Der  'Vorsitzende.  ^er  Geschctftsfuhrer. 

DuESSELDORF,  im  Friilijahr,  1891. 

[translation.] 

The  Association  of  German  Ironmasters  expresses  to  the  American  Institute  of 
Mining  Engineers  its  warm  and  profound  thanks  for  the  brilliant  reception,  the 
magnificent  entertainment  and  the  accompanying  cordiality  and  unlimited  hospi- 
tality everywhere  experienced  by  its  members,  to  the  number  of  130,  at  the  meetings 
in  New  York  and  Pittsburgh  and  upon  the  long  and  comfortable  journeys  througli 
the  principal  industrial  districts,  during  the  four  weeks  of  their  visit. 

These  thanks  are  addressed  first  to  the  American  Institute  of  Mining  Engineers 
as  a  society  :  they  are  addressed  also  to  its  members,  severally,  in  emphatic  recog- 
nition of  their  personal  self-sacrifice  and  courtesy  ;  they  apply  no  less  to  the 
amiability  of  their  ladies,  which  imparted  its  charm  to  many  an  hour. 

Our  members  utilized  thoroughly,  to  their  own  advantage  and  to  that  of  their 
countrymen  at  home,  the  opportunities,  offered  continually  and  with  admirable  lib- 
erality, for  the  inspection  of  characteristic  American  arrangements,  methods  of 
manufacture  and  natural  resources  ;  and  the  October  days,  full  of  instruction  as  of 
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enjoyment,  passed  in  the  United  States  of  North  America,  are  inscribed  imper- 
ishably  in  their  hearts,  as  they  are  recorded  for  grateful  remembrance  in  the  annals 
of  the  Association. 

The  Association  of  German  Ironmasters, 
c.  ltteg,  e.  schroedter, 

The  President.  The  Managing  Director. 

DuESSELDORF,  Spring,  1891. 

The  annual  volumes,  for  many  years  past,  have  comprised  the 
proceedings  and  papers  of  the  year  ending  with,  and  including,  the 
annual  meeting  in  February.  There  is  no  special  reason  for  the 
selection  of  this  period;  and  it  has  one  incidental  disadvantage, 
namely,  that  the  contents  of  the  annual  volume  do  not  coincide  with 
the  calendar  year.  In  view  of  the  circumstance  that  the  material 
already  on  hand  for  Volume  XX.  will  constitute  a  book  of  the  maxi- 
mum convenient  size, — say  1000  pages, — the  Council  has  decided  to 
close  Volume  XX.  with  the  papers  of  the  Glen  Summit  meeting  (em- 
bracing, however,  in  it  the  direct  discussion,  since  received,  of  the 
papers  of  that  meeting),  and  to  begin  Volume  XXI.  with  the  proceed- 
ings and  papers  of  the  annual  meeting. 

This  will  permit  the  inclusion,  in  Volume  XX,  of  a  complete  ana- 
lytical index. of  the  last  five  volumes.  It  will  be  remembered  that 
in  Volume  V.  such  an  index  was  printed.  After  the  issue  of  Volume 
X.,  a  separate  index  of  Volumes  I.  to  X.  was  issued.  After  the  issue 
of  Volume  XV.,  a  new  index,  covering  Volumes  I.  to  XV.  inclusive, 
was  printed  at  the  cost  of  several  thousand  dollars,  and  distributed 
to  members  and  associates.  This  book  (an  octavo  of  378  pages, 
handsomely  bound  in  cloth)  is  still  for  sale  at  the  Secretary's  office 
at  $1  per  copy.  The  Council  has  not  felt  itself  justified  in  under- 
taking the  preparation  of  a  new  index- volume,  covering  the  entire 
series  from  I.  to  XX.  inclusive;  but,  on  the  other  hand,  the  value  of 
such  indexes  is  so  great,  and  has  been  so  heartily  recognized,  that  it 
is  deemed  unadvisable  to  let  the  period  of  five  years  go  by  without 
furnishing  to  members  this  convenient  aid  for  consultation  of  the 
Transactions.  Volumes  I.  to  XX.,  in  particular,  are  especially  rich 
and  varied  in  the  records  of  modern  practice  in  all  the  departments 
represented  by  the  Institute;  and  it  is  believed  that  this  supplemen- 
tary index  will  be  cordially  welcomed. 

Three  meetings  have  been  held  during  the  year :  the  first  being 
the  annual  meeting  at  New  York,  in  February,  1891,  the  proceed- 
ings of  which  will  be  found  in  Volume  XIX.,  and  at  which  no 
papers  were  presented  ;  the  second  at  Cleveland,  O. ;  and  the  third 
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at  Glen  Summit,  Pa.     Of  the  professional  interest  and  importance 
of  these  meetings,  our  Transactions  bear  conclusive  witness. 

Changes  in  membership  have  taken  place  during  the  year  as  fol- 
lows:  2  honorary  members  (one  previously  a  regular  member),  220 
members,  and  11  associates  have  been  elected  ;  5  associates  have 
become  members;  11  members  have  been  reinstated  on  payment  of 
arrears ;  21  members  and  2  associates  have  died  ;  35  members  and 
2  associates  have  resigned ;  and  42  members  and  1  associate  have 
been  dropped  for  non-payment  of  dues.  These  changes  are  tabu- 
lated as  follows : 


At  date  of  last  report 

Gains:  by  Election 

Reinstatement 

Change  of  Status, 
Losses:  by  Resignation 

Dropping 

Change  of  Status, 

Death 

Total  gains  

Total  losses 

Present  membership 


H.M. 
12 

F.  M. 

M. 

A. 

Totals. 

42 

1855 

173 

2082 

1 

220 
11 

11 

232 
11 

1 

5 

6 

35 

2 

37 

42 

] 

43 

1 

5 

6 

1 

20 

2 

23 

2 

2.36 

11 

2^9 

97 

10 

107 

14 

41 

1993 

174 

2222 

I 


The  list  of  deaths  comprises  the  names  of  F.  C  Blake,  W.  B. 
Davies,  L.  M.  Dayton,  E.  F.  De  Camp,  Thomas  Graham,  George 
J.  Hicks,  T.  Sterry  Hunt,  C.  G.  Kreischer,  J.  B.  Mackintosh, 
Arthur  Macy,  W.  J.  March,  J.  W.  McGenniss,  F.  P.  MacLean, 
Edward  Nichols,  O.  B.  Parker,  George  A.  Porter,  Eugene  N.  Riotte, 
E.  G.  Savage,  P.  W.  Sheafer,  F.  J.  Slade,  Tooke  Straker,  George 
B.  Wiestling,  J.  J.  Williams. 

It  is  impossible  to  listen  to  the  simple  reading  of  this  list  without 
recognizing  that  it  includes  the  names  of  many  who  are  indissolubly 
connected  with  the  development  of  the  mining  and  metallurgical  in- 
dustries of  the  United  States,  with  the  progress  of  science  in  those 
departments  most  directly  connected  with  the  Institute,  and  with  the 
history  of  the  Institute  itself  as  an  agent  in  that  progress.  The 
truth  is  thus  impressed  upon  us  that  the  generation  which  established 
the  Institute  is  swiftly  passing  away.  Without  disparagement  of 
the  merits  and  services  of  others  in  the  above  list,  the  names  of  T. 
Sterry  Hunt,  an  ex-President  of  the  Institute,  and  a  scientific  inves- 
tigator of  world-wide  fame;  of  Prof.  C.  G.  Kreischer,  of  the  Royal 
Academy  at  Freiberg,  a  distinguished  teacher  and  author;  of  P.  W. 
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Sheafer,  the  intelligent  and  energetic  pioneer  in  the  geology  of  the 
anthracite  coal-regions;  of  the  brilliant  young  chemist,  J.  B.  Mack- 
intosh, whose  death  deprived  this  Council  of  the  services  of  a  valued 
colleague;  of  Arthur  Macy,  F.  C.  Blake,  Eugene  N.  Riotte,  and 
F.  J.  Slade,  each  of  whom,  in  his  own  department,  had  identified 
himself  with  the  progress  of  metallurgy  in  this  country ;  and  of 
Edward  Nichols,  one  of  our  earliest  and  most  estimable  members, 
deserve  to  be  specially  recalled.  The  continued  prosperity  and  use- 
fulness of  the  Institute  must  depend  largely  upon  the  answer  which 
the  future  will  give  to  the  question,  whether  the  successors  of  such 
men  will  be  their  equals  in  scientific  devotion,  intelligent  enterprise, 
and  brotherly  good-will. 

After  appropriately  cordial  remarks  by  President  Birkinbine  and 
Vice-President  H.  M.  Howe,  the  Secretary  was  instructed  to  express 
by  letter  to  the  members  of  the  Local  Committee,  and  to  the  various 
citizens,  officials,  firms,  and  corporations  concerned,  the  thanks  of 
the  Institute  for  the  abundant  courtesies  extended,  in  connection 
with  this  meeting,  to  its  visiting  members. 

The  meeting  was  then  adjourned. 

Members  and  Associates  Elected. 

The  following  persons  were  made  members  or  associates  by  elec- 
tion during  the  sessions  of  the  meeting  : 


members. 


J.  H.  Bickenstein, 
Alexander  Biirrell, 
William  H.  Bassett, 
F.-K.  Biedler, 
J.  H.  Bolles, 
Franklin  Booth,  . 
George  Best, 
Charles  Baskerville, 
R.  D.  Caster]  ine,  . 
Thomas  H.  Carter, 
W.  C.  Coffin, 
W.  AV.  J.  Croze,    . 
P.  E.  O.  Carr, 
C.  De  Kalb,  . 
William  F.  Diller, 
R.  H.  Dalgleisli,  . 
Walter  B.  M.  Davidson 
C.  S.  Doggett, 
Warren  Delano,  Jr., 


Washington,  D.  C. 
Marysville,  Mont. 
New  Bedford,  Mass. 
Baltimore,  Md. 
Denver,  Colo. 
Berkeley,  Cal. 
Pittsburgh,  Pa. 
Chapel  Hill,  N.  C. 
Orange,  N.  J. 
Washington.  D.  C. 
Allegheny,  Pa. 
Negaunee,  Mich. 
London,  England. 
New  York  City. 
Lancaster,  Pa. 
Embreville,  Tenn. 
New  York  City. 
East  Boston,  Mass. 
New  York  City. 
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C.  F.  Frazer, 
Paul  Farnnm, 
Andrew  Forsberg,  A.B 
Jnles  W.  Hegeler, 
Irving  Hall, 
Isaac  A.  Harvey,. 
J.  J.  Hamilton,     . 
.J,  E.  Houston, 
G.  W.  Harris, 
Thomas  E.  Holgate, 
Edward  W.  Hawker, 
Robert  T.  Hill,     . 
E.  E.  Knapp, 
Edwin  M.  Keatley, 
William  Keyser,  . 
Gustavus  W.  Lehmann 
Paul  Liehme, 
C.  G.  Memminger, 
H.  C.  McCormick,  Jr., 
Frank  Merricks,  . 
William  A.  Mercer, 
H.  Macco,     . 
J.  S.  MacArthnr,  . 
C.  S.  Palmer, 
E.  V.  Palmer, 
Joseph  W.  Pinder, 
R.  L.  Packard, 
George  A.  Pope,  . 
Dr.  L.  D.  Ricketts, 
Thomas  Richards, 
Otto  F.  Riebel,      . 
A.  J.  Russell, 
Francisco  San  Roman, 
Frank  M.  Smith,  . 
George  G.  Stone,  . 
L.  B.  Sutton, 
James  W.  Tyson,  .Ir., 
G.  A.  Trube, 
Joseph  Thiry, 
Titus  Ulke,  . 
Walter  B.Wilson, 
Walter  H.  Weed, 
Charles  R.  Western, 
Henry  A.  J.  Wilkins 
J.  J.  Williams, 


H.  Burden,  2d, 
G.  H.  Curry, 
T.  Dwight,   . 
W.  K.  Mitchell, 


ASSOCIATES. 


Hastings,  Pa. 
Pittsburgh,  Pa. 
Republic,  Mich. 
La  Salle,  111. 
Denver,  Colo. 
Bellefonte,  Pa. 
Etna,  Ga. 
Elkhorn,  W.Va. 
Elkhorn,  W.  Va. 
Darwin,  England. 
Adelaide,  So.  Australia. 
Washington,  D.  C. 
Sfeelton,  Pa. 
Raleigh,  W.  Va. 
Baltimore,  Md. 
Baltimore,  Md. 
La  Salle,  111. 
Campagne,  Ga. 
Harrisburg,  Pa. 
Kensington,  England. 
Battle  Mountain,  Nev. 
Siegen,  Germany, 
.lohannesburg,  8.  Africa. 
Pittsburgh,  Pa. 
Negaunee,  Mich. 
East  Orange,  N.  J. 
Washington,  D.  C. 
Baltimore,  Md. 
Prescott,  Ariz. 
Tavistack,  England. 
Crystal  Falls,  Mich. 
Plumstead,  England. 
Santiago,  Chile. 
Pueblo,  Colo. 
South  Chicago,  111. 
Palmer,  Mich. 
Pittsburgh,  Pa. 
South  Chicago,  111. 
New  York  City. 
Washington,  D.  C. 
Red  Mountain,  Colo. 
Washington,  D.  C. 
London,  England. 
Baltimore,  Md. 
Youngstown,  O. 


New  York  City. 
Prescott,  Ariz. 
Boston,  Mass. 
Pittsburgh,  Pa. 
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R.  Mnnroe, Pittsburgh,  Pa. 

J.  S.  Pechin, Boston,  Mass. 

P.  Reddy, San  Francisco,  Cal. 

ASSOCIATES    MADE    MEMBERS. 

Percy  L.  Fearn Costa  Rica,  C.  A. 

E.  M.  Mcllvaine, South  Bethlehem,  Pa. 

E.  W.  Parker, Washington,  D.  C. 

G.  J.  Volckening, New  York  City. 

W.  W.  Wishon, Butte,  Mont. 

Excursions  and  Entertainments. 

Oil  Tuesday  evening,  February  16th,  as  already  noticed,  a  social 
reception  was  given,  at  the  close  of  the  opening  session,  at  the  Johns 
Hopkins  University. 

On  Wednesday,  under  a  special  arrangement  made  by  the  Local 
Committee,  the  Walters  Art  Gallery  was  open  to  members  and  guests 
of  the  Institute  from  9  a.m.  until  5  p.m. 

On  Thursday,  the  party  was  conveyed  by  a  special  train,  leaving 
Baltimore  at  9.45  a.m.,  to  Annapolis,  where  visits  were  made  to  the 
State  Plouse  and  to  the  United  States  Naval  Academy,  after  which 
the  large  company  of  members  and  guests  was  elegantly  entertained 
at  a  reception  given  by  the  Governor  of  Maryland  at  his  residence. 

On  Thursday  evening,  a  subscription  dinner  took  place  at  Hotel 
Rennert. 

On  Friday,  an  excursion  was  made  by  steamer  to  the  Chesapeake 
Pottery  (where  specimens  of  the  artistic  product  of  the  works  were 
presented  as  souvenirs),  the  Baltimore  Co{)per  Works,  and  the  works 
of  the  Maryland  Steel  Company,  at  Sparrow's  Point.  The  Colum- 
bia Iron  Works,  the  Rasin  Fertilizing  Works,  and  the  Canton  Oil 
Refineries,  with  other  points  of  interest,  to  visit  which  the  Institute 
had  been  cordially  invited,  were  necessarily  omitted  on  this  excur- 
sion for  lack  of  time  ;  but  probably  some  of  the  members  and  guests 
availed  themselves  at  other  times  of  the  hospitality  thus  freely  ex- 
tended. 

On  Saturday,  several  excursions  of  interest  were  made  by  different 
parties  under  the  guidance  of  the  Local  Committee.  One  of  these 
inspected  the  interesting  line  and  tunnel  of  the  new  Belt  Line  rail- 
road ;  another,  the  admirable  water-works  of  Baltimore.  The  Johns 
Hopkins  Hospital  and  the  Peabody  Institute  were  also  objects  of  in- 
terested attention.  By  the  courtesy  of  the  Pennsylvania  Railroad 
Company,  and  of  the  government  authorities,  a  party  was  conveyed 
by  special  car  to  Washington,  and  thence,  by  tug  from  the  United 
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States  Navy  Yard,  to  the  navy  proving-grounds  for  heavy  ordnance, 
at  Indian  Head,  where  some  striking  experiments  were  witnessed. 

The  intelligent  enjoyment  of  all  attendants  at  this  meeting,  as 
well  as  the  opportunity  to  preserve,  as  a  souvenir  of  its  pleasure  and 
profit,  a  record  possessing  permanent  value,  was  secured  by  the  wise 
and  liberal  action  of  the  Local  Committee  in  preparing  for  the  use 
of  its  guests  a  handsome  and  convenient  volume,  entitled  Guide  to 
Baltimore,  xcith  an  Account  of  the  Geology  of  its  Environs.  This 
book,  compiled  by  Prof.  George  H.  Williams,  of  Johns  Hopkins 
L'niversity,  and  enriched  with  a  map  of  the  city,  and  two  maps  (one 
topographical  and  one  geological)  generously  furnished  by  the 
United  States  Geological  Survey,  possesses  a  value  which  will  outlast 
the  special  occasion  to  which  it  owes  its  origin ;  and  both  the  Local 
Committee  and  Prof.  Williams,  together  with  all  those  who  co-oper- 
ated with  him  in  its  preparation,  are  to  be  congratulated  upon  the 
production  of  a  memorial  which,  by  reason  of  its  intrinsic  import- 
ance, as  well  as  its  pleasant  associations,  is  certain  to  be  treasured  by 
all  those  who  attended  the  Baltimore  meeting. 

Members,  Associates,  and  Guests  Registered. 

The  following  persons  registered  their  names  at  the  hotel  head- 
(piarters  : 


A.  V.  Abbot. 
William  S.  Aldrich. 
William  G.  Arasden. 
F.  E.  Bachman. 
David  Baker. 
W.  L.  Benedict. 
Charles  E.  Billin. 
John  Birkinbine. 
R  M.  Blankenship. 
J.  H.  Bolles. 
M.  J.  Buck. 
M.  D.  Burke. 
William  Burnhara. 
J.W.Cabot. 
Thomas  M.  Chatard. 
J.  H.  Chauvenet. 
W  B.  Cogswell. 
Edgar  S.  Cook. 
Torbet  Coryell. 
E.  C.  Coxe,  Jr. 
H.  Nelson  Crane. 
James  G.  Dagron. 
Walter  B.  M.  Davidson. 


W.  M.  Davis. 
David  T.  Day. 
James  H.  Devereux. 
F.  P.  Dewey. 
W.  T.  Durfee. 
T.  Egleston. 
George  H.  Eldridge. 
S.  F.  Emmons. 
A.  W.  Fiero. 
F.  L.  Garrison. 
James  Gayley. 
William  Glenn. 
Jesse  Hall. 
John  H.  Harden. 
Edward  Hart. 
Joseph  Hartshorne. 
D.  F.  Haynes. 
Gus.  C.  Henning. 
W.  H.  Hofiman. 
L.  Holbrook. 
Herman  Hollerith. 
J.  F.  HoUoway. 
H.  M.  Howe. 
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W.  S.  Hungerford. 
C.  W.  Hunt. 
E.  C.  Huxley. 
Alex.  O.  Ihlseng. 

E.  V.  d'Invilliers. 
Louis  Janin,  Jr. 
Arthur  Kirk. 
George  F.  Knapp. 
George  F.  Kuuz. 
H.  W.  Lash. 
Alex.  Y.  Lee. 
Horace  Lee. 

J.  H.  Lee. 

C.  O.  D.  Lee. 
Burdett  Loomis. 
H.  McCormick. 
Andrew  S.  McGrath. 
Harvej  S.  McLeod. 
R.  S.  Martin. 

D.  M.  Meeker. 
August  A.  Miller. 
Spenser  Miller. 
P.  N.  Moore. 

W.  H.  Morris. 
C.  A.  Morrison, 
James  Neilson. 
"William  G.  Neilson. 

F.  H.  Newell. 
A.  W.  Newell. 
H.  B.  C.  Nitze. 

E.  W.  Parker. 
John  A.  Partridge. 
R.  P.  Patterson. 
Francis  T.  Peacock. 
Edward  Pechin. 
Otto  F.  Pfordte. 
Thomas  H.  Phillips. 
George  P.  Pope. 


Francis  A.  Pocock. 
Seymour  W.  PuUock. 

F.  H.  Purnell. 
R.  W.  Raymond. 
Arnold  K.  Reese. 
Ellen  H.  Richards. 
T.  B.  Richards. 

N.  G.  Robertson. 
James  N.  Roe. 
E.  Henry  Rooney. 
C.  A.  O.  Resell. 
Francisco  I.  San  Roman. 
C.  M.  Schwab. 
H.  P.  Simpson. 
Fred.  H.  Smith. 
Oberlin  Smith. 
A.  Staub. 

G.  Stutz. 
A.  Thies. 

E.  E.  Russell  Tratman. 
James  W.  Tyson. 
Jesse  Tyson. 
Titus  Uike. 
S.  G,  Valentine. 
Alex.  Wahlberg. 
W.  Irving  Walker. 
Walter  H.  W'eed. 
Jos.  D.  Weeks. 
Morris  Weis. 
S.  T.  Wellman. 
Cabell  Whitehead. 
John  F.  AVilcox. 
William  H.  Wiley. 
George  H.  Williams. 
R.  S.  Williams. 
T.  J.  Williams. 
Francis  Wyatt. 
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PBOCUEBINGS  OF  THE  SIXTT-SECOND  MEETING,  HOTEL 
CHAMP  LAIN,  NEAR  PLAT2SBURGH,  N.    Y.,JUNE^  1892. 

LOCAL  COMMITTEE. 

A.  L.  Inman,  Plattsbiirgh,  Chairman,  F.  S.  Witherbee,  and  F.  J.  Dominick, 
assisted  by  many  others,  not  formally  organized  into  a  committee. 

Hotel  Headquarters. — Hotel  Champlain,  at  Bluff  Point  near  Plattsbiirgh.  which 
was  also  the  place  for  the  sessions  and  the  starting-point  for  all  excursions. 

The  opening  session  was  held  on  Tuesday  evening,  June  28th.  Mr. 
F.  S.  Witherbee,  of  Port  Henry,  a  member  of  the  Local  Committee, 
welcomed  the  Institute  as  follows: 

Mr.  President  and  Gentlemen  and  {if  I  may  also  add)  Ladies  of  the 
Institide:  In  the  absence  of  the  Chairman  of  our  Local  Committee 
it  is  my  pleasant  duty  to  give  you  a  cordial  welcome  once  more  to 
the  shores  of  Lake  Champlain.  I  think  some  fourteen  years  have 
passed  by  since  we  last  had  the  pleasure  of  receiving  you  at  a  meet- 
ing in  this  vicinity  ;  but  the  pleasure  of  that  meeting  still  lingers  in 
our  memory;  and  the  profit  which  we  derived  from  your  discussions 
and  from  your  presence  with  us  has  made  us  heartily  <lesirous  to 
have  you  here  again.  If  the  truth  must  be  known,  we  were  for  a 
time  much  embarrassed  by  the  difficulty  of  providing  adequate  and 
comfortable  shelter  for  the  large  number  of  friends  whom  we  hoj)ed 
(and,  as  this  assembly  indicates,  had  good  reason  for  hoping)  to 
receive.  But  the  liberality  and  zealous  co-operation  of  the  Dela- 
ware &  Hudson  Canal  Company  and  its  hotel  manager,  in  oflfering 
to  open  Hotel  Champlain,  at  no  little  inconvenience,  before  the  usual 
time,  presented  a  solution  of  this  difficulty,  provided  the  date  origin- 
ally proposed  for  the  meeting  could  be  changed  to  a  week  later. 
This  change  was  duly  authorized  ;  and  I  think  you  will  all  agree 
with  us  that  it  was  wise.  At  all  events,  I  am  sure^  I  now  need  offer 
no  apologies  for  the  roof  which  covers  you. 

During  the  fourteen  years  which  have  elapsed  since  your  last  visit 
to  us,  great  strides  have  been  made  in  the  industrial  development  of 
this  country.  The  meetings  of  the  Institute,  held  from  one  end  of 
the  land  to  the  other,  have  permitted  you  to  witness  the  transforma- 
tion of  small  hamlets,  like  Birmingham,  Ala.,  into  populous  and 
thriving  industrial  centers.     You  have  seen  the  Minnesota  and  the 
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Gogebic  regions,  so  lately  a  forest  wilderness,  become  two  of  the  most 
largely  productive  iron-ore  districts  of  the  world.  You  have  seen 
the  railroad  mileage  of  this  country  increase  from  80,000  to  nearly 
175,000  miles  ;  you  have  seen  the  pig-iron  industry  grow  from  two 
and  a  half  million  tons  per  year  to  over  ten  million  tons ;  and  you 
have  seen  the  iron-ore  production  jump  from  seven  million  to  ov^er 
seventeen  million  tons  per  annum.  But  these  statistics  are  all  well 
known  to  you ;  for  the  Institute  has  taken  no  small  part  in  this 
grand  development.  I  think  you  will  be  more  interested  if  for  a 
moment  I  dwell  upon  the  influence  which  this  section  of  the  country 
has  had  upon  the  general  national  progress.  We  are  a  modest  peo- 
ple, and  moreover,  it  happens  that  we  have  no  plants  to  sell,  and 
are  pretty  well  satisfied  with  our  facilities,  small  as  they  may  be,  so 
that  we  have  not  come  into  public  notice  as  much  as  some  other  sec- 
tions. Yet,  I  assure  you,  this  is  not  because  we  have  been  ashamed 
of  our  progress,  or  because  we  have  in  any  sense  retrograded  or  re- 
mained dormant  since  you  were  last  with  us.  We  have  sent  into 
the  markets  of  the  world  since  that  time  over  eight  million  tons  of 
iron-ore — a  larger  amount  than  the  total  previously  shipped  from 
this  region  since  the  inception  of  that  industry.  This  has  been 
largely  done  by  old  concerns.  The  last  fourteen  years  have  seen 
fewer  new  enterprises  springing  up  among  us  than  have  developed 
elsewhere  in  the  country;  yet  we  can  point  to  some  notable  ones. 
For  instance,  the  Chateaugay  Ore  and  Iron  Company  has  come  into 
existence  since  you  were  here  last.  That  corporation  represents  to-day 
a  territory  of  more  than  130,000  acres  ;  it  has  built  and  now  runs  a 
railroad  over  70  miles  in  length  ;  it  has  turned  out  a  very  large 
amount  of  iron-ore — in  fact,  it  ranks  among  the  largest  individual 
producers  in  this  country  ;  it  has  produced  more  concentrated  ore 
than  probably  all  the  rest  of  the  establishments  engaged  in  that  in- 
dustry, put  together.  It  is  to-day  practically  the  only  company 
carrying  on  an  extensive  manufacture  of  charcoal  billets  and  blooms. 

I  might  go  on  to  enumerate  other  individual  manufactures  and 
interests  in  this  section.  But  I  feel  that  our  claim  for  influence 
upon  the  industrial  growth  of  the  country  should  not  be  based  en- 
tirely upon  the  developments  of  the  last  fourteen  years.  Nearly  all 
of  our  competitive  iron-ore  districts  have  had  their  main  activity 
during  that  period  ;  but,  to  establish  our  proper  place  in  history,  we 
should  be  allowed  to  go  l)ack  to  the  very  beginning  of  our  in- 
dustry. 

This   Champlain    Valley  has  created   chapters  of  American  his- 
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tory.  Fort  Frederick,  which  yoii  will  visit  to-morrow,  will  recall 
to  your  minds  the  great  struggle  for  supremacy  in  America  which 
took  place  between  England  and  France  upon  this  lake.  Fort 
Tieonderoga  will  remind  you  of  brilliant  scenes  in  the  Revolutionary 
War.  Here  at  our  very  door  lies  Plattsburgh,  where  the  great 
naval  engagement  of  1812  took  place.  Not  the  less  have  we  made 
landmarks  in  the  metallurgical  world.  In  this  section  was  first 
developed  and  carried  to  the  greatest  perfection  the  Catalan  forge 
industry;  and  since  that  time  there  have  been  in  full  operation 
here  more  thau  70  forges.  To-day  that  industry  has  practically 
passed  away ;  but  we  are  entitled  to  claim  honorable  mention  for  its 
development,  and  a  recognition  of  its  once  great  importance.  In 
other  particulars  also,  we  have  done  our  part  towards  the  progress 
of  the  metallurgy  of  iron.  The  first  Whitwell  stove  in  this  country 
was  erected  upon  the  shores  of  Lake  Champlain ;  ours  were  the  first 
mines  in  which  hand-drills  were  displaced  by  machines  operated  with 
compressed  air,  and  the  first  in  which  the  electric  light  was  substi- 
tuted for  the  old  historical  miner's  lamp. 

Moreover, •we  have  contributed  to  American  mining  and  metal- 
lurgy men  who,  going  forth  from  us,  have  done  good  work  and 
won  high  reputation  at  home  and  abroad,  by  their  achievements 
beyond  our  borders. 

But  I  will  not  detain  you  further  with  these  desultory  and,  per- 
haps, too  self-flattering  remarks.  You  might  be  led  to  suspect  that 
our  blowing-capacity  is  too  great  for  our  plant.  But  if  it  should 
seem  to  you  that,  stimulated  by  this  Adirondack  air,  we  are  too  en- 
thusiastically praising  what  is  ours,  let  me  offer  you,  as  a  partial 
justification,  the  assurance  that,  while  you  sojourn  among  us,  what 
is  ours  is  yours  ! 

After  brief  replies  to  this  welcome  from  the  president  and  secre- 
tary, President  Birkiubine  delivered  his  address  on  "The  Influence 
of  Location  upon  the  Pig-iron  Industry." 

The  Secretary,  in  the  absence  of  the  authors,  read  the  following 
papers : 

Biographical  Notice  of  Thomas  Sterry  Hunt,  by  James  Douglas, 
New  York  city. 

Biographical  Notice  of  William  P.  Shinn,  by  Joseph  D.  Weeks, 
Pittsburgh,  Pa. 

Professor  James  Hall,  State  Geologist  of  New  York,  presented, 
by  invitation,  an  account  of  the  proposed  geological  map  of  the 
State. 
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The  second  session  was  held  on  Wednesday  evening,  June  29th, 
when  the  followino;  papers  were  read  and  discussed  : 

The  Making  of  Specifications  for  Structural  Material,  by  Dr. 
Charles  B.  Dudley,  Altoona,  Pa. 

The  Granulation  of  Iron-Ore  by  Means  of  Crushers  and  Rolls, 
by  Axel  Sahlin,  New  York  city. 

Crushing  Iron-Ore  with  the  Sturtevant  Mill  for  Concentration, 
by  Stephen  R.  Krom,  New  York  city. 

The  Late  Discovery  of  Large  Quantities  of  Magnetic  and  Non- 
Magnetic  Pyrites  in  the  Croton  Magnetic  Iron-Mines,  by  W.  H. 
Hoffman,  Brewster,  N.  Y. 

The  third  session  was  on  Thursday  evening,  June  30th,  when  the 
following  paj)ers  were  presented  : 

The  Cummings  Ore-Granulating  Mill,  by  C.  M.  Ball,  Troy,  N.  Y. 

Magnetic  Concentration  at  Tilly  Foster,  by  F.  H.  McDowell, 
New  York  city. 

Note  on  Boiler-Explosions,  by  Professor  William  P.  Mason, 
Troy,  N.  Y. 

The  Chase  Magnetic  Ore-Separator,  by  Harvey  S.  Chase,  New 
York  city. 

Copper  Crystallization  at  the  Copper  Glance  and  Potosi  Mine, 
Grant  County,  New  Mexico,  by  Professor  C.  H.  Snow,  New  York 
city. 

The  fourth  and  final  session  was  held  on  Friday  afternoon,  July 
1st,  when  the  following  papers  were  read  by  title: 

Note  on  a  Collection  of  Tertiary  Fossil  Plants  from  Potosi,  Bo- 
livia, by  Professor  N.  L.  Britton,  New  York  city. 

A  Modern  Plant  for  the  Precipitation  of  Gold  from  Chlorine  So- 
lution, by  Werner  Langguth,  Rapid  City,  South  Dakota. 

Plain  vs.  Corrugated  Belts  for  Yanners,  by  Otto  F.  Pfordte,  Jer- 
sey City,  N.  J. 

The  Marsac  Refinery  at  Park  City,  Utah,  by  Charles  A,  Stete- 
feldt,  San  Francisco,  Cal. 

The  System  of  Filling  at  the  Mines  of  the  Minnesota  Iron  Com- 
pany, Soudan,  Minnesota,  by  D.  H.  Bacon,  Soudan,  Minn. 

The  Gold-Fields  of  Otago,  by  T.  A.  Rickard,  Denver,  Colo. 

Alluvial  Mining  in  Otago,  by  T.  A.  Rickard,  Denver,  Colo. 

Fault-Rules,  by  Francis  T.  Freeland,  Leadville,  Colo. 

Note  on  the  Use  of  a  Mechanical  Stirrer  for  Promoting  Chemical 
Action,  by  E.  K.  Landis,  Pottstown,  Pa. 
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The  Calculation  of  Slags,  by  N.  M,  Laugdou,  Port  Henry,  N.  Y. 

The  Magnetic  Separation  of  Iron-Ores  at  the  Sanford  Ore-Bed, 
Moriah,  Essex  County,  New  York,  by  W.  P.  Blake,  New  Haven, 
Conn. 

Studies  in  Structural  Geology,  by  Bailey  Willis,  Washington, 
D.  C. 

The  President  announced  that  the  Council  had  decided  to  hold 
the  autumn  meeting  in  Eastern  Pennsylvania  ;  time  and  place  to  be 
hereafter  more  definitely  announced. 

After  the  adoption  of  a  resolution  proposed  by  Mr.  J.  F.  Hollo- 
way,  New  York  City,  instructing  the  Secretary  to  express  officially 
by  letter  to  the  various  individuals,  firms  and  corporations  concerned, 
and  to  the  members  of  the  Local  Committee,  the  thanks  of  the  In- 
stitute for  their  zealous  hospitalities  and  their  skilful  arrangements, 
the  President,  congratulating  the  members  upon  the  complete  pro- 
fessional and  social  success  of  the  meeting,  adjourned  the  session. 

Members  and  Associates  Elected. 
The  following  persons  were  made  members  or  associates  by  elec- 
tion during  the  sessions  of  the  meeting. 

Honorary  Member. 

Sr.  Don  Antonio  del  Castillo,       .        .         .    City  of  Mexico. 


Members. 


T.  W.  T.  Atherton,     . 
Prof.  Walter  J.  Baldwin, 
E.  V.  Bensusan, 
O.  M.  Bilharz,    . 
T.  O.  Blackweli, 

E.  H.  Booth, 
W.  S.  Calhoun,  . 
M.  R.  Campbell, 
C.  J.  J.  Carter, 
Geo.  Chalmers, 
H.  S.  Chase, 
A.  K.  Church, 

F.  H.  Clement, 
W.  H.  Corbould, 
Theo.  Delrez, 

F.  W.  Denton,    . 
J.  J.  East,  . 

G.  F.  Eld  ridge, . 
W.  H.  Emerson, 


Deep  Creek,  N.  S.  Wales. 
Urbana,  111. 
Sydney,  N.  S.  Wales. 
New  York  City. 
Lynn,  Mass. 
Boston,  Mass. 
Chicago,  111. 
Washington,  D.  C. 
Eedington,  Pa. 
Morro  Velho,  Brazil. 
New  York  City. 
Mancelona,  Mich. 
Niagara  Falls,  N.  Y. 
Beltana,  South  Australia. 
Paris,  France. 
Houghton,  Mich. 
Adelaide,  South  Australia. 
Pencoyd,  Pa. 
Atlanta,  Ga. 
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J.  R.  Forflyce,  . 
S.  S.  Fowler,      . 
G.K.Gilbert,    . 
Fritz  Glein, 
T.  G.  Grier,       . 
(!.  Willard  Hayes, 
A.  E.  Hammer,  . 
Dr.  J.  K.  Hartzell, 
A.  D.  Hughes,  . 
W.  A.  Irvin, 
W.  H.  Jessop,    . 
Henri  Knoertzer, 
H.  H.  Knox,     . 
C.  L.  Law  ton,    . 

E.  J.  Longyear, 
H.  Lundbohm,  . 
J.  D.  MacArthur, 
S.  C.  MacArthur, 
J.  A.  McClurg,  . 
W.J.  McGee,  . 
P.  Maas,     . 

C.  W.  Merrill,  . 
W.  B.  Middleton, 
H.  W.  Miller,  . 
Thos.  Montague, 
W.  S.  Nearing,  . 
A.  R.  Nickels,  . 
G.  A.  Packard,  . 
Prof.  J.  K.  Payne, 

F.  Pelouze, 
J.  C.  Pennie, 
H.  Potts,     . 
H.  L.  Reed, 
Forbes  Rickard, 
A.  H.  Rogers,     . 

D.  Rowe,    . 

A.  Sauveur, 

G.  Smith,  . 

R.  B.  Stanton,    . 
W.  E.  Stott, 
Thos.  S.  Sutherland, 
S.  R.  Thomas,    . 
J.  W.  Thomas,  . 
S.  R.  Thompson, 
Andrew  Tromblee, 
Willard  Warner,  Jr. 
L.  W^ebster, 

B.  Willis,  . 
H.  Wilson, 

H.  V.  Winchell, 
Geo.  L.  Wood  worth, 


St.  Louis,  Mo. 
Golden,  British  Columbia. 
Washington,  D.  C. 
Jersey  City,  N.  J. 
Lead  City,  S.  Dakota. 
Washington,  D.  C. 
Branford,  Conn. 
Allentowu,  Pa. 
London,  Eng. 
Lucknow,  N.  S.  Wales. 
Smitsdorp,  S.  Africa. 
Paris,  France. 
New  York  City. 
Palmer,  Mich. 
Duluth,  Minn. 
Stockholm,  Sweden. 
Glasgow,  Scotland. 
Hudson,  N.  Y. 
New  Castle,  Pa. 
W^ashington,  D.  C. 

Philadelphia,  Pa. 

Alameda,  Cal. 

Denver,  Colo. 
Johannesburg,  S.  Africa. 

Hammondsville,  N.  Y. 

Morris  Run,  Pa. 

Elkhorn,  Mont. 

Virginia  City,  Mont. 

Knoxville,  Tenn. 

S.  Chicago,  111. 

Washington,  D.  C. 

Pottstown,  Pa. 

Crown  Point,  N.  Y. 

Central  City,  Colo. 

Copper  Basin,  Ariz. 

Zeehan,  Tasmania. 

South  Chicago,  111. 

Broken  Hill,  N.  S.  Wales. 

Denver,  Colo. 

Crown  Point,  N.  Y. 

Troy,  N.  Y. 

Hokendanqua,  Pa. 

Franklin  Iron  W^orks,  N.  Y. 

Dead  wood,  S.  Dakota. 

Port  Henry,  N.  Y. 

Rockwood,  Tenn. 

Johannesburg,  S.  Africa. 
Washington,  D.  C. 
Silverton,  Colo. 

Minneapolis,  Minn. 

Marmora,  Ont. 
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Associates. 


F.  Hadley,  Jr.,  . 

G.  A.  Purbeck,   . 
Thos.  Kobins,  Jr., 
Dr.  Charles  Schaffer, 
John  L.  Smith,  . 

H.  W.  L.  Way,  . 


Xew  York  City. 
New  York  City. 
Morristown,  N.  J. 
Philadelphia,  Pa. 
Philadelphia,  Pa. 
Denver,  Colo. 


Associates  made  Members. 

E.  D.  Cleland, Adelaide,  S.  Australia. 

L.  W.  Francis, Port  Henry,  N.  Y. 

W.  K.  Mitchell,         .        .    '    .        .        .     Pittsburgh,  Pa. 

Exhibits. 

Through  the  enterprise  of  the  Thomson-Van  Depoele  Electric 
Mining  Co.,  of  Boston,  and  the  International  Separator  Co.,  of  New 
York,  and  by  the  skill  and  perseverance  of  their  experts,  a  very  inter- 
esting exhibit  of  machinery  in  operation  was  installed  at  Hotel  Cham- 
plain,  comprising  a  Gould  Triplex  electric  pump,  and  an  electric 
hoist,  sent  by  the  former  company,  and  the  Chase  magnetic  ore-sepa- 
rator of  the  latter  company.  These  machines  were  studied  with  much 
attention  and  profit  by  the  numerous  members  attending  the  meeting. 
The  work  connected  with  this  installation  deserves  special  recognition 
and  thanks,  in  view  of  its  peculiarly  difficult  and  expensive  character, 
which  would  have  condemned  it,  beyond  question,  as  a  mere  measure 
of  business  advertisement.  The  Hotel  Champlaiu  is  lighted  with 
incandescent  lamps,  using  an  alternating  current,  which  is  not  avail- 
able for  power,  and  it  was,  therefore,  necessary  to  send  and  erect  a 
new  dynamo,  and  to  make  new  connections,  utilizing,  of  the  plant 
already  on  the  spot,  only  the  steam-power,  which,  at  night  operated 
the  system  of  lights,  but  was  kindly  placed,  in  the  day-time,  at  the 
service  of  the  experts  in  charge  of  this  exhibit.  The  labor  of  erecting 
and  adjusting  all  parts  of  this  improvised  system  was  scarcely  smaller 
(and  in  many  respects  more  annoying)  than  if  the  result  had  been 
intended  to  be  permanent;  and  while  the  admiration  and  interest 
excited  by  the  two  or  three  hours'  exhibition  of  the  machines  doubt- 
less brought  to  their  proprietors  some  well-deserved  advantage,  as 
well  as  credit,  yet  it  would  be  ungracious  and  unjust  to  assume  that 
this  consideration  alone  had  prompted  so  large  an  expenditure  of 
labor,  care,  and  money.  It  was,  in  fact,  on  the  contrary,  the  earnest 
desire  of  members  of  the  Institute  connected  with  the  companies 
named,   and  of  the  management  of  the  companies  themselves,  to 
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recognize  the  professional  rank  of  the  Institute,  and  to  contribute  to 
the  interest  of  its  meeting,  that  actuated  an  undertaking  not  justified 
by  selfish  considerations  alone.  Members  and  others,  who  saw  in 
operation  at  Hotel  Champlain  the  machines  above  mentioned,  will 
find  in  the  paper  of  Mr.  Spaulding  (Trans.,  xix.,  258),  a  description  of 
the  electric  pump  and  hoist,  and  in  Mr.  Chase's  paper,  read  at  this 
meeting,  an  account  of  the  Chase  separator. 

EXCUESIONS   AND    ENTERTAINMENTS. 

The  following  account  of  the  excursions  and  entertainments  is 
taken  in  the  main  from  the  report  (by  a  member  of  the  Institute)  in 
the  Engineering  News  : 

On  Wednesday,  June  29th,  the  members  and  guests  left  Bluff 
Point  at  9  a.m.  on  a  special  train  provided  by  the  Delaware  and 
Hudson  Canal  Co.,  and  proceeded  as  far  south  as  Port  Henry,  fifty- 
five  miles,  traversing  the  most  interesting  part  of  the  Lake  Cham- 
plain  division  of  the  road,  with  its  numerous  curves,  rock  cuts  and 
bold  work  along  the  cliffs,  following  the  shore  of  the  lake  at  a  con- 
siderable height  above  the  water.  From  Port  Henry  the  party  was 
taken  across  to  Fort  Frederic,  on  Crown  Point,  by  the  regular 
steamer  "  Vermont,"  of  the  Champlain  Transportation  Company. 
On  her  way  down  the  lake,  and  after  a  pleasant  stroll  around  the 
ruins  and  ramparts  of  the  old  fort,  which  was  built  by  the  French 
in  1731,  luncheon  was  served  in  a  pavilion  on  the  grounds  by  the 
courtesy  of  Witherbee,  Sherman  &  Co.,  and  the  Port  Henry  Iron 
Ore  Company.  At  1  P.M.,  the  Port  Henry  Steam  Ferry  Company's 
twin  screw  ferry  boat,  which  has  a  screw  at  each  end,  like  some  of 
the  new  Hudson  River  ferry  boats  at  New  York,  carried  the  party 
back  to  Port  Henry,  whence  the  special  train  was  taken  over  the 
Lake  Champlain  and  Moriah  Pailroad  to  Mineville.  The  road  has 
very  severe  grades,  the  maximum  being  about  4  per  cent.,  and  sev- 
eral switchbacks,  and  the  train  of  four  cars  was  hauled  by  two  heavy 
Baldwin  mogul  engines,  one  at  each  end.  The  principal  points  of 
interest  visited  at  the  Mineville  works  were  the  central  power  plant 
for  hoisting,  the  ore  workings,  the  Bleichert  cable- way  or  conveying 
tramway  (built  by  the  Trenton  Iron  Company,  Trenton,  N.  J.),  and 
the  magnetic  ore  separator.  There  are  twenty  openings  into  the 
Bessemer  and  twelve  into  the  non-Bessemer  ore  bodies,  and  these 
are  worked  by  the  Port  Henry  Iron  Ore  Company  and  Witherbee, 
Sherman  &  Co.  Over  10,000,000  tons  of  iron-ore  have  been  taken 
out,  of  which  2,000,000  tons  have  been  shipped  during  the  past  five 


PROCEEDINGS    OF   THE    PLATTSBURGH    MEETING.  xU 

years.  The  train  left  at  4.15  on  the  return  trip  and  arrived  at  Bluff 
Point  at  6.30  p.m.  The  weather  was  delightful  and  the  trip  enjoy- 
able in  every  way. 

On  Thursda}',  June  30th,  the  party  left  at  8.30  a.m.  on  a  special 
train  over  the  Delaware  and  Hudson  Railroad  for  Plattsburgh,  at 
which  point  they  boarded  another  special  train  on  the  narrow  gauge 
Chateaugay  Railroad,  which  had  been  provided  by  the  courtesy  of 
the  Chateaugay  Ore  and  Iron  Company,  and  which  carried  theiu 
74  miles  through  the  celebrated  scenery  of  the  Adirondack  Moun- 
tains. A  stop  was  made  at  Lyon  Mountain,  N.  Y.,  which  is  the 
raining  town  of  the  Chateaugay  Ore  and  Iron  Company,  34  miles 
w-est  of  Plattsburgh,  and  having  a  population  of  2500.  Here  are 
located  the  Bessemer  ore-mines,  which  have  a  capacity  of  400,000  tons 
per  annum,  and  the  concentrating  plant,  which  is  capable  of  treat- 
ing 1000  tons  per  day.  The  plant  at  the  separator  includes  roller 
crushers,  Blake  multiple  jaw  crushers  and  water  jigs.  The  com- 
pany owns  130,000  acres  of  mineral  and  timber  lands,  and  has 
two  charcoal  furnaces  capable  of  producing  18,000  tons  of  char- 
coal pig-iron  per  annum,  and  34  forge  fires  for  the  production  of 
steel  blooms  and  billets.  The  road  has  a  gauge  of  three  feet  and 
its  track  is  of  considerable  excellence,  a  large  part  laid  with  thirty- 
pound  steel  rails  and  angle-bars,  in  good  line  and  surface,  making 
an  easy  riding  track  even  at  the  speed  (74  miles  in  two  and  a 
half  hours)  at  which  the  return  trip  was  made.  The  curvature 
is  very  severe  in  places,  and  there  are  numerous  heavy  grades. 
Several  charcoal  kilns  were  seen  along  the  line,  generally  sur- 
rounded by  a  wasted  and  desolate  area,  covered  with  stumps,  stones 
and  brush,  where  the  forest  had  been  cut  down  to  supply  charcoal. 
Near  Wolf  Lake  the  line  turns  south,  and  from  thence  to  Saranac 
the  new  line  of  the  Adirondack  and  St.  Lawrence  Railroad,  now 
under  construction,  practically  parallels  the  Chateaugay  Railroad  and 
the  track  is  being  laid  with  heavy  steel  rails  and  six-bolt  angle-bars. 
The  terminus  of  the  Chateaugay  Railroad  is  at  Saranac,  whence  four- 
horse  stages  took  the  party  to  the  Ampersand  Hotel,  one  mile  dis- 
tant, at  the  foot  of  Lower  Saranac  Lake,  where  a  good  dinner  was 
enjoyed,  after  which  the  party  drove  back  to  the  station  and  left  at 
4  P.M.,  arriving  at  the  Hotel  Champlain  soon  after  7  p.m. 

On  Friday,  July  1st,  a  large  party  took  an  excursion  up  the  lake  on 
the  steamer  '' Chateaugay  "  by  the  courtesy  of  the  Lake  Champlain 
Transportation  Company.  The  trip  afforded  many  beautiful  views 
of  the  lake  and  mountain  scenery.      A  through  truss,  centre  pier, 
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highway  drawspan,  operated  by  one  man,  was  an  interesting  feature  of 
thebridge  to  Hero  Island.  An  interesting  social  accompaniment  of 
the  trip  was  the  presentation  to  a  "  new  made  bride  "  of  a  photograph 
and  a  souvenir  spoon,  which  were  subscribed  for  by  the  members  of 
the  party  and  presented  with  a  humorous  and  appropriate  address. 

On  Friday  night,  a  dance  was  enjoyed  at  the  Hotel  Champlain, 
through  the  courtesy  of  Mr.  O.  D.  Seavey,  the  manager. 

On  Saturday,  a  considerable  number  of  the  members  and  guests 
made  an  excursion  to  Au  Sable  Chasm,  while  others  in  large  and 
small  parties  went  into  the  Adirondacks,  or  to  various  points  on 
Lake  George,  etc.,  and  many  returned  to  their  homes.  Those 
who  stayed  to  spend  the  Fourth  at  Hotel  Champlain  enjoyed  a 
brilliant  display  of  fireworks,  provided  in  honor  of  the  day  and 
of  the  Institute  by  Mr.  Seavey. 

Members,  Associates,  and  Guests  Registered. 

The  following  persons  registered  their  names  at  the  hotel  head- 
quarters. (The  list  doubtless  does  not  include  the  names  of  some 
members  residing  in  the  vicinity  who  did  not  lodge  at  the  hotel. 
The  number  of  ladies  accompanying  members  from  a  distance  was 
between  30  and  40.) 


J.  L.  Adams. 
Robert  Allison. 
C.  M.  Ball. 
G.  A.  Bell. 
John  Birkinbine. 
R.  Clifford  Black. 
Robert  C.  Black. 
Witherbee  Black. 
Theo.  A.  Blake. 
C.  G.  Buchanan. 
Henry  W.  Bulkier. 
William  H.  Case. 

F.  A.  Chapman. 
Henry  S.  Chase, 
r.  L.  Clerc. 
Justice  Cox,  Jr. 

G.  R.  CuUingworth. 
E.  T.  Davis. 
David  T.  Day. 

W.  S.  DeCamp. 
Thos.  S.  Disston. 
W.  F.  Downs. 
T.  M.  Drown. 
Chas.  B.  Dudley. 


S.  F.  Emmons. 
F.  E.  Engelbrech. 
B.  F.  Fackenthal,  Jr. 
S.  T.  Ferguson. 
B.  E.  Fernow. 
Jas.W.  Fuller,  Jr. 
E.  L.  Foote. 
Lewis  Francis. 
Lewis  W.  Francis. 
M.  L.  French. 
Lorenz  M.  Gillet. 
W.  S.  Green. 
Prof.  Jas.  Hall. 
Anton  Hardt. 
H.  K.  Hartzell. 
A.  Heckscher. 
George  Henry  Hewitt. 
Thos.  Hobson. 
W.  H.  Hoffman. 
L.  Holbrock. 
J.  F.  Holloway. 
Geo.  H.  Hooper. 
William  Hooper. 
Henry  M.  Howe. 
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J.  C.  Hubbell. 
W.  S.  Hnngerford. 
E.  C.  Huxley. 
A.  L.  Inman. 

E.  V.  d'Invilliers. 
J.  E.  Johnson. 

J.  E.  Johnson,  Jr. 
William  Kent. 
C.  Kirchhoff. 
Henry  H.  Knox. 
IS.  M.  Langdon. 
Per  Larsson. 
A.  E.  Lehman. 
G.  A.  Longnecker. 
Frank  Lyman. 
William  P.  Mason. 
Charles  McCrery. 
S.  B.  McKee. 
H.  S.  McLeod. 

F.  J.  H.  Merrill. 
P.  N.  Moore. 
John  Morris. 
W.  H.  Morris. 
William  L.  Neill. 
W.  G.  Neilson. 
Andrew  M.  Piatt. 
F.  J.  Piatt. 


Jos.  C.  Piatt. 
Theo.  D.  Rand. 
R.  W.  Raymond. 
H.  L.  Reed. 
Thomas  Robins,  Jr. 
Axel  Sahlin. 
Edward  H.  Sanborn. 
W.  L.  Scaife. 
F.  F.  Sharpless. 
A.  W.  Sheafer. 
William  L.  Sheafer. 
John  M.  Sherrerd. 
T.  Guilford  Smith. 
J,  C.  Smock. 
E.  Gybbon  Spilsbury, 
William  Thaw,  Jr.  ' 
John  Thomas. 
J.  W.  Thomas. 
Samuel  R.  Thomas. 

E.  E.  Russell  Tratman. 
Andrew  Trorablee. 

M.  D.  Valentine. 
John  A.  Walker. 
Oliver  Williams. 

F.  S.  Witherbee. 
W.  C.  Witherbee. 

G.  L.  Woodworth. 
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PEOCEEDINGS  OF  THE  SIXTY-THIBD  (SCHUYLKILL 
VALLEY)  MEEIIISO,  NEVEBSINK  MOUNTAIN 
HOTEL,  NEAR  BEADING,  PA., 
0C2  0BEB,  1892. 

Local  Committee. 

Jerome  L.  Boyer,  Eeading,  Chairman;  William  L.  Sheafer,  Pottsville,  (Secreton// 
Levi  Qnier,  Heading,  Treasurer;  Robert  Allison,  Port  Carbon;  James  Arcbbald, 
Jr.,  Pottsville;  William  Atkins,  Pottsville;  D.  P.  Brown,  Lost  Creek;  William 
McH.  Bo3'er,  Reading;  Albert  Broden,  Reading;  George  Brooke,  Birdsboro ; 
Frank  Carter,  Pottsville;  H.  P.  Cooper,  Pottsville  ;  J.  H.  Carpenter,  Reading; 
E.  vS.  Cook,  Pottstown;  B.  Halberstadt,  Pottsville;  Hakon  Hammer,  Pottstown ;  .J. 
Hartshorne,  Stowe;  M.  P.  Janney,  Pottstown ;  R.  C.  Lutlier,  Pottsville;  N.  Mnh- 
leuberg,  Reading;  W.  H.  Morris,  Pottstown;  George  L.  Norris,  Reading;  G.  H. 
Potts,  Pottstown  ;  H.  Potts,  Pottstown ;  S.  M.  Riley,  Ashland  ;  J.  S.  Robeson,  Potts- 
town ;  Jas.  P.  Roe,  Pottstown;  A.  W.  Sheafer,  Pottsville;  Heber  S.  Thompson, 
Pottsville;  Bard  Wells,  Pottsville;  E.  C.Wagner,  Girardville;  N.  B.  Wittman, 
Birdsboro. 

Reception  Committee. —  George  Brooke,  Chairman ;  Robert  Allison,  J.  H.  Car- 
penter, Edgar  S.  Cook,  R.  C.  Luther,  W.  H.  Morris,  H.  S.  Thompson. 

Hotel  Headquarters. — The  Neversink  Mountain  Hotel,  near  Reading,  Pa.  All 
sessions  were  held  in  the  hotel. 

The  opening  session  was  held  on  Tuestlay  evening,  October  11. 
Mr.  Jerome  L.  Boyer,  Chairman  of  tlie  Local  Committee,  called  the 
meeting  to  order,  and  introduced  Mr.  John  F.  Daniell,  Jr.,  Vice- 
President  of  the  Heading  Board  of  Trade,  who  delivered  an  address 
of  welcome,  in  the  course  of  which  the  industrial  and  commercial 
importance  of  the  city  was  effectively  outlined  by  skilful  use  of  the 
statistics  of  leading  branches.  From  this  statement  the  following 
particulars  are  condensed  for  preservation: 

The  Board  of  Trade  has  about  300  members.  The  annual  value 
of  the  manufactures  (taking  mainly  the  figures  of  1891)  is  as  fol- 
lows: Iron  manufactures,  about  $16,000,000  (including  boilers  and 
flues,  $323,000;  hardware,  locks  and  butts,  $1,650,000;  pig-iron, 
wrought-iron  pipe  and  machinery,  $8,400,000;  beams,  bridge-work 
and  steel,  $4,000,000 ;  bolts,  nuts,  rivets,  etc.,  $1,000,000;  stoves, 
$659,000);  silk  and  cotton  goods,  $1,725,000;  boots  and  shoes  (one 
concern  only),  $150,000;  ropes  and  cordage,  $600,000;  fire-brick, 
terra-cotta  and  glass,  $320,000;  wool  and  fur  hats,  $3,000,000; 
cigars  (105  millions),  upwards  of  $3,150,000.     The  street  and  elec- 
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trie  railways  carried  last  year  3,607,920  passengers,  earning  $225,- 
000.  The  bank  capital  (in  eight  banks  and  two  trust  companies)  is 
$1,425,000,  besides  a  larger  surplus;  loans,  $5,838,800;  deposits, 
$5,240,600;  trust-funds,  $1,248,300.  Number  of  letters  passing 
through  the  P.  O.,  3,750,000.  Amount  paid  in  one  year  for  rail- 
road tickets  at  the  Reading  stations,  nearly  $500,000. 

At  the  close  of  his  interesting  remarks,  Mr.  Daniell  tendered  to 
President  Birkinbine,  with  some  graceful  and  humorous  observations, 
a  wooden  key,  as  the  key  to  Reading  and  the  symbol  of  its  hospi- 
tality. 

Mr.  Henry  Eckert,  of  Reading,  was  then  introduced,  and  cor- 
dially welcomed  the  Institute  in  the  name  of  the  citizens  generally, 
giving,  in  the  course  of  his  remarks,  some  interesting  particulars 
concerning  the  thrifty  workingmen  who  constitute,  with  their  fami- 
lies, the  mass  of  the  population  of  Reading,  and  who,  partly  by  the 
aid  of  the  fifty  building  associations  which  they  have  formed  in 
the  city,  have  provided  themselves  with  tasteful  and  comfortable 
homes. 

Mr.  Boyer  expressed  briefly  a  similar  greeting  for  the  Local  Com- 
mittee. 

President  Birkinbine,  after  an  appropriate  response  to  the  preced- 
ing remarks,  delivered  an  address  on  the  iron  and  coal  industries  of 
the  Schuylkill  Valley. 

The  following  pajiers  were  then  read  and  discussed  : 

The  Brown  Segmental  Wire  Gun,  by  N.  B.  Wittman,  Birds- 
boro.  Pa. 

The  Zeehan  and  Dundas  Smelting- Works,  Tasmania,  by  George 
F.  Beardsley,  Zeehan,  Tasmania  (presented  by  the  acting  Secretary* 
in  the  absence  of  the  author). 

Areal  Work  of  the  United  States  Geological  Survey,  by  W.  J. 
McGee,  Washington,  D.  C. 

The  second  session  was  held  on  Wednesday  morning,  October 
12th,  when  the  following  papers  were  read  and  discussed  : 

The  Hill-Farm-Parrish  Mine-Fire,  by  Frank  A.  Hill,  Dun- 
bar, Pa. 

The  Basic  Bessemer  Plant  of  the  Pottstown  Iron  Company,  by 
Joseph  Hartshorne,  Stowe,  Pa. 


*  Prof.  W.  H.  Pettee,  of  Ann  Arbor,  Mich.,  the  Secretary's  assistant  for  this 
meeting,  acted  as  Secretary  at  the  sessions. — R.  W.  R. 
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The  third  session  was  held  on  Thursday  evening,  October  13th. 

The  following  papers  were  read  and  discussed  : 

The  Hugh  Kennedy  Hot-Blast  Stove,  by  W.  C.  Coffin,  Pitts- 
burgh, Pa.  (read  by  the  acting  Secretary  in  the  absence  of  the 
author). 

The  Rock-Drill  Applied  to  Opening  the  Tapping-Hole  of  a 
Blast-Furnace,  by  David  Baker,  Sparrow's  Point,  Md. 

An  Occurrence  of  Coarse  Conglomerate  Above  the  Mammoth 
Anthracite  Bed,  by  Benjamin  Smith  Lyman,  Philadelphia,  Pa. 

The  following  papers  were  read  by  title: 

The  Talc-Industry  of  the  Gouverneur  District,  St.  Lawrence 
County,  N.  Y.,  by  Axel  Sahlin,  New  York  City. 

The  Mesabi  Iron-Range,  by  Horace  V.  Winchell,  Minneapolis, 
Minn. 

The  Occurrence  of  Grahamite  in  Texas,  by  E.  T.  Dumble,  Aus- 
tin, Texas. 

The  Wiborgh  Luft  (Air)-Pyrometer,  by  Emanuel  Trotz,  Worces- 
ter, Mass. 

Note  on  Manganese-Steel,  by  H.  M.  Howe,  Boston,  Mass. 

The  Grading  of  Pig-iron,  by  Edward  T.  Clymer,  Allentown,  Pa. 

The  Bendigo  Gold-Field  (Second  Paper):  Ore-Deposits  Other 
than  Saddles,  by  T.  A.  Rickard,  Denver,  Colo. 

Observations  on  the  Relations  Between  the  Chemical  Constitution 
and  Physical  Character  of  Steel,  by  William  R.  Webster,  Phila- 
delphia, Pa. 

After  the  passage  of  the  usual  resolution  in  acknowledgment  of 
courtesies  extended  to  the  Institute,  and  brief  congratulatory  remarks 
by  President  Birkinbine,  the  meeting  was  adjourned. 

Members  and  Associates  Elected. 
The  following  persons  were  made  members  or  associates  by  elec- 
tion during  the  sessions  of  the  meeting: 

members. 

Taylor  Alderdice, McKeesport,  Pa. 

Gustave  E.  Anderson,         ....  Heading,  Pa. 

Joseph  A.  Arclibald Pottsville,  Pa. 

E.  A.  Ashcroft Broken  Hill,  N.  S.  W. 

H.  C.  Babbitt, Thurlow,  Pa. 

CJeo.  F.  Baer, Reading,  Pa. 

Joseph  Bailey, Pine  Iron  Works,  Pa. 

John  H.  Brown, New  York  City. 
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Wm.  P.  Clarke, . 
Joseph  H.  Cofrode,    . 
John  P.  Conkling, 
Eli  T.  Conner,    . 
Pontus  H.  Conradsen, 
Macgrave  Coxa, 
Richard  T.  Dodson,  . 
Walter  Douglas, 
Percival  Drayton, 
Uriah  Dudley,    . 
Chas.  R.  Ellicott, 
Jacob  Fegely,     . 
D.  K.  Flannery, 
Charles  B.  Froment,  . 
Fredrick  Louis  Graramer, 
Eugene  Grasselli, 
Fayette  P.  Graves, 
John  E.  Harbster, 
George  W.  Harrison, 
J.  C.  Hazard, 
Joseph  T.  Hilles, 
Godfrey  Hughes, 
Thomas  E.  Hughes,  . 
Edward  W.  Johnson, 
William  M.  Kaufman, 
Frank  J.  Keeley, 
Charles  C.  King, 
William  Lang,   . 
Richard  T.  Leaf, 
Henry  R.  Leonard, 
Geo.  B.  Lessig,  . 
William  B.  Lord, 
F.  McClair, 
William  R.  Mcllvain 
John  F.  McKee, 
Harold  Macandrew, 
Daniel  W.  Mead, 
Richard  J.  Morris, 
Benjamin  Nicoll, 
Walter  E.  Park, 
J.  G.  Poage, 
W.  S.  Ravenscroft, 
John  M.  Reeves, 
John  Rice, 
George  Roberts, 
Livingston  Saylor, 
George  Scholl,  . 
A.  F.  Seccombe, 
Samuel  R.  Seyfert, 
J.  Bennett  Smith, 
Jacob  C.  Sotter,  . 


.  Tegucigalpa,  Honduras. 

.  Philadelphia,  Pa. 

.  Glens  Falls,  N.  Y. 

.  Winton,  Pa. 

.  St.  Paul,  Minn. 

.  New  York  City. 

.  Arnot,  Pa. 

.  Argentine,  Kan. 

.  Pott&town,  Pa. 

.  Silverton,N.  S.  W. 

.  Catoctin  Furnace,  Md. 

.  Pottstown,  Pa. 

.  Douglassville,  Pa. 

.  Reading,  Pa. 

.  Wilkinsburg,  Pa. 

.  Cleveland,  O. 

.  Doe  Run,  Mo. 

.  Reading,  Pa. 

.  Birdsboro,  Pa. 

.  Catasauqua,  Pa. 

.  Pottstown,  Pa. 

.  Great  Falls,  Mont. 

.  Pittsburgh,  Pa. 

.  Pueblo,  Colo. 

.  Reading,  Pa. 

.  Philadelphia,  Pa. 

.  West  New  Brighton,  N.  Y. 

.  Dunbar,  Pa. 

.  Reading,  Pa. 

.  Philadelphia,  Pa. 

.  Pottstown,  Pa. 

.  New  York  City. 

.  Pottstown,  Pa. 

.  Reading,  Pa. 

.  Baker  Mines,  Va. 

.  Adelaide,  S.  Australia, 

.  Rockford,  111. 

.  Pottstown,  Pa. 

.  New  York  City. 

.  New  York  City. 

.  Broken  Hill,  N.  S.  W. 

.  Ridgeway,  Pa. 

.  Philadelphia,  Pa. 

.  Pottstown,  Pa. 

.  Broken  Hill,  N.  S.  W. 

.  Pottstown,  Pa. 

.  Catasauqua,  Pa. 

.  Angangueo,  Mexico. 

.  Reading,  Pa. 

,  Kingston,  Pa. 

•     Pottstown,  Pa. 
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Thomas  C.  Steele, 
J.  Sutherland,     . 
George  R.  Taylor, 
Emil  B.  Tenny, 
Frank  E.  Thompson, 
Francis  Du  Point  Thomson 
Joseph  T.  Tower, 
A.  H.  Tyson,      . 
Charles  D.  Wolcott,    . 
Percy  H.  Walker, 
J.  P.  Wanner,    . 
S.  Bowman  Wheeler, 
Garland  N.  Whistler, 
Thomas  D.  Whitaker, 
Warren  A.  Wilbur,    . 
Frederic  E.  Zerbey,   . 


Pottstown,  Pa. 
Broken  Hill,  N.  S.  W. 
Robesonia,  Pa. 
So.  St.  Louis,  Mo. 
Pottstown,  Pa. 
Wilkinsburg,  Pa. 
Poughkeepsie,  N.  Y. 
Reading,  Pa. 
Washington,  D.  C. 
Crozet,  Va. 
Pottstown,  Pa. 
Philadelphia,  Pa. 
New  York  City. 
Philadelphia,  Pa. 
South  Bethlehem,  Pa. 
Lost  Creek,  Pa. 


ASSOCIATES. 


Frederick  H.  Bathurst, 
T.  I.  Crane, 
Thomas  H.  Dougherty, 
Horace  Evans,  . 
Wallace  T.  Foote,  Jr., 
Thomas  Hobson, 
Thomas  B.  Kerr, 
Gustav  Krehl,    . 
Edwin  A.  Quier, 
Louis  Raven^,   . 
Clinton  Rice, 
Charles  F.  Schaeffer, 
Frank  C.  Smink, 
Clement  G.  Smith, 
William  D.  Smith, 
Philip  H.  Sternbergh, 
D.  M.  Thomas,  . 
Geo,  K.  Whitner, 
Stansbury  J.  Willey, 


Sidney,  N.  S.  W. 
Philadelphia,  Pa. 
Germantown,  Pa. 
Pottstown,  Pa. 
Port  Henry,  N.  Y. 
Philadelphia,  Pa. 
New  York  City. 
Berlin,  Germany. 
Reading,  Pa. 
Berlin,  Germany. 
New  York  City. 
Reading,  Pa. 
Reading,  Pa. 
Joanna  Furnace,  Pa. 
Reading,  Pa. 
Reading,  Pa. 
Columbia,  Pa. 
Reading,  Pa. 
Wilmington,  Del. 


ASSOCIATE    MADE   MEMBER. 


A.  Neustaedter,  . 


Butte,  Mont. 


Excursions. 

The  afternoon  of  Wednesday,  October  12th,  was  spent  in  visits  to 
industrial  establisliments  of  Reading,  including  the  Iron-Works  of 
Cofrode  &  Saylor,  the  Carpenter  Steel-Works,  the  Reading  Hard- 
ware-Works and  the  Reading  Pipe-Mill.  Lunch  was  served  at  the 
Carpenter  Steel-Works. 

During  the  same  afternoon,  the  ladies  accompanying  the  visiting 
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members  of  the  Institute  were  taken,  in  charge  of  the  Reading 
Ladies'  and  Headquarters'  Committfes,  upon  a  delightful  excursion 
across  the  valley  and  to  the  top  of  the  mountain  opposite  the  Neversink 
Hotel,  via  the  Neversink  electric  railway,  the  Southwestern  railroad 
to  Mohnsville,  the  City  Passenger  Railroad  to  Gravity  Station,  the 
Gravity  Road  to  Mt.  Penn,  and  returning  via  Mineral  Spring  Park 
to  the  Neversink  Hotel. 

On  Wednesday  evening  a  promenade  concert  was  given  at  the 
hotel. 

On  Thursday  morning  the  party,  leaving  the  hotel  at  8.30,  and 
Reading  at  9.15  (by  special  train,  furnished  by  the  Pennsylvania 
Railroad  Company),  proceeded  to  Pottstown,  and  visited  the  steel- 
works of  the  Pottstown  Iron  Company,  the  Ellis  and  Lessig  Steel 
and  Iron  Company,  the  Warwick  blast-furnace  (including  an  op- 
tional inspection  en  route  of  the  Glasgow  Company's  Valley  Mill 
and  the  boiler-works  of  Sotter  Brothers),  the  finishing-mills  and 
blast-furnaces  of  the  Pottstown  Iron  Company,  and  the  Philadel- 
phia Bridge- Works.  Lunch  was  served  at  the  Hill  School  (Professor 
John  Meigs,  Principal),  the  unequalled  grounds,  buildings  and  equip- 
ment of  which  were  inspected  with  great  interest  and  admiration. 

Leaving  Pottstown  at  3  p.m.,  the  party  proceeded  to  Birdsboro, 
where  the  works  of  the  Pennsylvania  Diamond-Drill  Company  and 
the  construction  of  the  Brown  segmental  wire  gun  were  examined. 
A  diamond-drill  was  exhibited  in  operation  ;  and  experiments  were 
made,  testing  the  high  strength  of  the  gun  mentioned;  after  which, 
the  party  returned  to  Reading  and  the  Neversink  hotel. 

Friday  was  devoted  to  an  excursion  into  the  anthracite  coal-field, 
by  special  train,  furnished  by  the  Philadelphia  and  Reading  Rail- 
road Company,  the  route  being  from  Reading,  via  Pottsville,  Frack- 
ville,  Shenandoah,  Lost  Creek,  Mahanoy  Plane  and  Maple  Hill  col- 
liery to  Lakeside  Park.  Lunch  was  served  on  the  train.  Oppor- 
tunity was  given  to  visit  the  ''  scraper  line  "  at  Shenandoah,  and  the 
workings  and  breaker  of  the  Maple  Hill  colliery.  At  Lakeside,  a 
complimentary  dinner  was  given  to  the  Institute  and  guests  by  the 
engineers  and  operators  of  Schuylkill  County. 

Members,  Associates,  and  Guests  Registered. 
The  following  persons  registered  their  names  at  the  hotel-head- 
quarters. 

E.  O'C.  Acker. 
H.  M.  Albright. 


Robt.  Allison. 


S.  P.  Ancong. 
G.  E.  Anderson. 
James  Archbald. 
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James  Arehbald,  Jr. 
Geo.  C.  Armour. 

F.  E.  Bachman. 
Geo.  F.  Baer. 
Chas.  Bailey. 
David  Baker. 
Geo.  T.  Barns- 

G.  A.  Bell. 
John  Birkinbine, 
F.  L.  Bitler. 

A.  Blue. 

Jerome  L.  Boyer. 
Wm.  McH.  Boyer, 
Albert  Broden. 
Arthur  S.  Brooke-. 
Geo.  Brooke. 
Geo.  Brooke,  Jr. 
Jas.  H.  Carpenter. 
Walter  H.  Carpenter, 

E.  D.  Casterline. 
S.  H.  Chauvenet. 
Clarence  K.  Claghorn. 
Lee  S.  Clymer. 

W.  B.Cogswell. 

H.  S.  Corastock. 

George  Philip  Connard. 

Major  C.  M.  Conyngham. 

J.  N.  Conyngham. 

Edgar  S.  Cook. 

W.  E.  C.  Coxe. 

John  B.  Dampson. 

John  F.  Daniell. 

David  T.  Day. 

H.  S.  Dibert.' 

Thos.  S.  Disston. 

T.  H.  Dougherty. 

Wm.  F.  Downs. 

W.  F.  Dnrfee. 

Alvan  Eavenson. 

H.  S.  Eckert. 

C.  K.  Ellicott. 

H.  Eppihimer. 

Fitz- Daniel  Ermentrodt. 

Horace  Evans. 

Thos.  Evans. 

B.  F.  Fackenthal,  Jr. 
John  S.  Fackenthal. 
Rufus  J.  Foster. 

Dr.  L  Webster  Fox. 
Lewis  Witherbee  Francis. 

F.  Lvnwood  Garrison. 


James  Gayley. 
Chas.  B.  Green. 
P.  H.  Griffeu. 
John  P.  Griffith. 
W.  M.  Guilford,  Jr. 
Baird  Halberstadt. 
Geo.  F.  Haggerman. 
H.  R.  Hall. 
Jesse  Hall. 
Hakon  Hammer. 
John  H.  Harden. 
Ward  Harrison. 
Joseph  Hartshorne. 
H.  K.  Hartzell. 
G.  N.  C.  Henschen. 
W.  R.  Hesse. 
Frank  M.  High  ley. 
Frank  A.  Hill. 
Samuel  S.  Hoff,  C.  E. 
W.  J.  Holeman. 
Henry  M.  Howe. 
W.  S.  Hungerford. 
C.  H.  Hunter. 
E.  V.  d'Invilliers. 
Robert  E.  Jennings. 
Washington  Jones. 
Wm.  M.  Kaufman. 
J.  Keeley. 
C.  Kirchhoff. 
J.  A.  Klees. 
Joseph  P.  Kremp. 
Edward  K.  Landis. 
Henry  Landis,  M.D. 
William  Lang. 
R.  T.  Leaf. 
Ambrose  E.  Lehman. 
W.  W.  Lindsay. 
G.  W.  Littlehales. 
J.  Lodge. 
John  C.  Long. 
Jacob  Lychenheim. 
Benj.  Smith  Lyman. 
H.  McCormick,  Jr. 
W.  J.  McGee. 
E.  M.  Mcllvain. 
Wm.  R.  Mcllvain. 
William  Mcllvain,  Jr. 
Howard  L.  Mcllvaine. 
J.  S.  McLennan. 
Hugh  M.  Maxwell. 
Wm.  R.  Menninger. 
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Edwin  Mickley. 
W,  Frank  Mohr. 
W.  H.  Morris. 
E.  M.  Morgan. 
J.  Mould, 

W.  H.  Muhlenberg. 
Henry  S.  Munroe. 
\Vm.  G.  Neilson. 
John  D.  C.  Nesvbold- 
G.  K.  Norris. 
Georg€  Ormrod. 

E.  M.  Parrott. 

F.  N.  Pease. 
Leonard  Peckitt. 
William  H.  Pettee, 
Thomas  H.  Phillip. 
W.  S.  Pilling. 

Jos.  C.  Piatt. 

Henry  Potts. 

Howard  J,  Potts. 

J.  Wesley  PullmaH. 

Edwin  A.  Quier. 

Levi  Quier. 

Theo.  D.  Rand, 

John  Rioe. 

J.  K.  Righter. 

S.  M.  Riley. 

J.  S.  Robeson, 

Chas.  Snelling  Robinson, 

Jas.  P.  Roe. 

C.  Henry  Roney. 

R.  P.  Roth  well. 

Edward  H.  Sanborn, 

C.  H.  Sembower. 

A.  W.  Sheafer. 

Wm.  L.  Sheafer. 


H.  T.  Shick. 
H.  P.  Simpson. 
F.  C.  Smink. 
A.  D.  W.  Smith. 
dement  G,  Smith. 
J.  Bennett  Sraitb. 
Oberlin  Smith. 
T.  Guilford  Smith. 
Wm.  D.  Smith. 
E.  Gybbon  Spilsbury. 
P.  R.  Stetson, 
H.  H.  Stoek. 
Wm.  M.  Sweet- 
Albert  Thalheimer. 
Herbert  G.  Torrey. 
J.  Gray  Torrey. 
E.  E.  Russell  Tratman, 
Jas  W.  Tyson. 
El.  C.  Wagner. 
John  R.  Wagner. 
Louis  Wagner. 
John  A.  Walker. 
•Jos.  D.  Weeks. 
Asa  A.  Weimer, 
Edgar  C.  A.  Weimer. 
John  A.  Weimer. 
S,  T.  Well  man. 
Bard  Wells. 
Frank  Whitaker. 
Thos.  D.  Whitaker. 
George  R.  Whitner. 
Wm.  Wilkins. 
Chas.  W.  Wiltum. 
N.  B.  Wittman. 
Frederic  E.  Zerbey 
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PBOCEEDINGS   OF  THE  SIXTY-FOUBTH  [TWENTY-THIRD 

ANNUAL)  MEETING.  MONTREAL,  CANADA, 

FEBRUARY,  1893. 

Committees. 

Reception  Committee. — The  President,  Hon.  George  Irvine,  Q.  C. ;  tlie  Treasurer, 
A.  W.  Stevenson,  C.  A. ;  ihe  Secretary,  B.  T.  A.  Bell,  and  the  members  generally, 
of  the  General  Mining  Association  of  the  Province  of  Quebec. 

Nova  Scotia.— The  President  and  Council  of  the  Mining  Society  of  Nova  Scotia. 

Ontario. — W.  Hamilton  Merritt,  Toronto,  Chairman;  Profs.  Gordon-Richardson, 
Nichol  and  Coleman,  and  A.  Blue,  Director  of  Mines,  Toronto;  G.  Mickle,  Sud- 
bury; J.  McKay,  Saiilt  Ste  Marie;  E.  W.  Rathbun,  Deseronto;  J.  Bawden,  Kings- 
ton; W.  W.  Russell,  Port  Arthur. 

Local  Committee  of  Arrangement's.— Captain  R.  C.  Adams,  Chairman  ;  B.  T.  A. 
Bell,  Secretary;  A.  W.  Stevenson,  W.  S.  Gardiner,  W.  H.  Irwin,  R.  T.  Hopper,  J. 
Keith-Reid,  and  Prof.  B.  J.  Harrington. 

Excursion  Committee. — G.  J.  Drummond,  B.  T.  A.  Bell. 

Hotel  Headquarters. — The  Windsor  Hotel. 

The  General  Mining  Association  of  the  Province  of  Quebec,  the  Mining  Society 
of  Nova  Scotia,  the  Asbestos  Club,  and  the  Provincial  Mining  Association  of  Onta- 
rio, met  in  Montreal  during  the  same  week,  and  took  part,  together  with  members 
of  the  Institute,  in  a  general  mining  conference,  upon  the  invitation  of  the  Society 
first  named. 

On  Tuesday  evening,  February  21st,  a  reception  of  visiting  socie- 
ties was  held  in  the  Windsor  Hall.  Hon.  George  Irvine,  Q.  C, 
President  of  the  General  Mining  Association  of  the  Province  of 
Quebec,  occupied  the  chair,  and,  after  welcoming  the  guests  of  the 
occasion  in  the  name  of  that  Association,  introduced  Mayor  Desjar- 
dins,  who  expressed  a  cordial  greeting  for  the  city  of  Montreal. 
After  appropriate  acknowledgements  from  the  President  and  the 
Secretary  of  the  Institute,  President  Birkinbine  delivered  his  presi- 
dential address. 

The  first  regular  session  of  the  Institute  was  held  on  Wednesday 
morning,  February  22d,  in  the  Physics  Building  of  McGill  Univer- 
sity, where  all  succeeding  sessions  were  also  held. 

The  annual  report  of  the  Council  was  read,  as  follows  : 

Annual  Report  of  the  Council. 

In  a^ordance  with  the  rules,  the  Council  makes  the  following  re- 
port to  the  Institute; 
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The  financial  statement  of  the  Secretary  and  the  Treasurer  shows 
receipts  from  all  sources  for  the  year  ending  February  1st,  including 
$1718.89  at  the  beginning  of  the  year,  of  $26,595.15  and  expendi- 
tures of  $23,131.27,  leaving  a  surplus  of  $3463.88,  being  an  increase 
of  $1744.99  over  the  surplus  of  the  previous  year.  In  addition  to 
this,  the  Treasurer  holds  United  States  bonds  of  the  par  value  of 
$2900  and  a  special  deposit  of  $4598,  proceeds  of  United  States 
bonds  called  in  and  paid  by  the  government,  which  fund  has  not 
been  permanently  reinvested.  The  detailed  statement  of  receipts 
and  expenditures  is  as  follows  : 


Receipts. 


$1,718  89 

21.408  53 

1,000  00 

1,571  14 

244  46 

250  30 

120  08 


Balance  from  statement,  February  1st,  1892, 
Received  for  dues  from  members  and  associates, 

"  life-memberships, 

"  sale  of  publications, 

"  binding  of  Transactions,    . 

"  authors'  pamphlets, 

"  electrotypes  and  authors'  engraving,  etc., 

"                 interest  on  United  States  bonds  and  deposits,  28175 

$26,595  15 

Disbu7'sements. 

Printing  vol.  xx.  of  Transactions, $2,675  44 

"        pamphlet  editions  of  papers  and  list  of  members,        .  2,952  60 

"        authors'  editions  of  papers, 265  69 

"         mailing  list, 24  00 

"        circulars  and  ballot*, 648  82 

Binding  vol.  xx.  of  Transactions, 1,962  85 

"        of  exchanges  and  odd  volumes,        .....  384  30 

Engraving  and  electrotyping, 907  95 

Postage,  including  P.  O.  box  rent, 1,877  69 

Stationei-y .  156  28 

Rent  of  office, 800  00 

Express  and  freight  charges, 833  85 

Janitor's  fees, 104  00 

Telegrams,  cablegram,  and  car-fares, 19  02 

Coal,  ice  and  porters, 106  42 

Salaries — Secretary,  assistants  and  stenographers,        .        .        ,  7,997  67 

Storage  on  Transactions,  .........  178  97 

Stenographers  at  meetings  and  expenses  of  Secretary,         .        .  573  70 

Telephone, 150  00 

Gas, 11  49 

Miscellaneous  expense,  mailing  pamphlets, 51  25 

Complimentary  volumes  from  Iron  and  Steel  Institute,      .        .  205  15 

Office  supplies  and  repairs, 229  13 

Treasurer's  vault, 5  00 

Dues  refunded, 10  00 

$23,131)  27 

Balance 3,463  88 

$26,595  15 
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Three  meetings  have  been  held  during  the  year,  the  first  in  Febru- 
ary, at  Baltimore;  the  second  in  June,  in  the  Lake  Champlain  region 
(headquarters  at  Hotel  Champlain,  near  Plattsburgh,  JST.  Y.) ;  and 
the  third  in  October,  in  the  Schuylkill  Valley  (headquarters  at 
the  Neversink  Mountain  House,  Reading,  Pa.).  All  these  meetings 
were  well  attended,  thoroughly  enjoyed  and  productive  of  valuable 
papers  and  discussions. 

Changes  in  membership  have  taken  place  during  the  year  as  fol- 
lows :  One  honorary  member,  225  members  and  30  associates  have 
been  elected  ;  9  associates  have  become  members  ;  7  members  have 
been  reinstated  on  payment  of  arrears  ;  the  deaths  of  4  foreign  mem- 
bers, 20  members  and  3  associates  have  been  reported;*  25  mem- 
bers and  4  associates  have  resigned;  and  53  members  and  1  associate 
have  been  dropped  for  non-payment  of  dues.  These  changes  are 
tabulated  as  follows  :  showing  a  net  gain  of  153  in  total  membership 
for  the  year. 


At  date  of  last  report 

Gains:  by  Election 

Reinstatement 

Change  of  status.. 
Losses:  by  Kesignation 

Dropping 

Change  of  status., 

Death 

Total  gains 

Total  ] osses 

Present  membership 


H.  M. 

F.  M. 

14 

42       1 

1 

1 

"4 

i 

4 

is 

38 

M. 


A. 


1993 

225 

7 

9 

25 

53 

26 

241 

98 

2136 


174 
30 


4 

1 

9 

3 

30 

17 

187 


Totals. 


2223 
256 

7 

9 

29 

54 

9 

27 

272 

119 

2376 


The  list  of  deaths  comprises  the  names  of  H.  Amiot,  Adolph 
Henry,  Prof.  C.  G.  Kreischer,  and  E.  de  Lavaleye,  from  the  old  list 
of  "  Foreign  Members,"  and  the  following  members  and  associates 
from  the  regular  list : 

F.  W.  Barnes,  H.  Beeger,  E.  H.  Cowles,  J.  V.  Darling,  A.  G. 
Francis,  H.  S.  Goodwin,  W.  A.  Hart,  O.  J.  Hollister,  G.  D.  Kelley, 
Ren  Kurimoto,  R.  H.  Lee,  James  Morgan,  J.  A.  Price,  F.  Prince, 
M.  Ramsey,  W.  E.  Rider,  L.  L.  Robinson,  W.  P.  Shinn,  W.  Thaw, 
Jr.,  A.  Tower,  F.  Van  Zandt,  H.  Waithman,  C.  P.  Wurts,  many 
of  whom  will  be  recognized  as  deservedly  eminent   in  mining  or 

*  In  some  instances  the  death  took  place  in  a  previous  year,  but  was  not  reported 
promptly. 
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metallurgy,  and  endeared  to  their  fellow  members  in  the  Institute 
by  long  association  and  friendship. 

The  Council  having  accepted,  in  the  name  of  the  Institute,  the 
charge  of  the  two  divisions  of  Mining  and  Metallurgy  of  the  Inter- 
national Engineering  Congress  to  be  held  in  Chicago  during  the 
week  beginning  July  31,  1893,  no  meeting  of  the  Institute  will  be 
held  after  the  present  annual  meeting  and  prior  to  the  said  Congress. 
The  two  divisions  above  mentioned  will  constitute  regular  meetings 
of  the  Institute,  as  well  as  parts  of  the  Congress.  Further  announce- 
ments concerning  them  will  be  made  from  time  to  time. 


I 


The  following  papers  were  read  and  discussed : 

The  Geologic  Map  of  the  United  States,  by  J.  W.  Powell,  Director 
of  the  United  States  Geological  Survey,  Washington,  D.  C.  <piead 
by  Dr.  C.  W.  Hayes.) 

The  Greene- Wahl  Process  for  Manufacturing  Manganese  and 
Alloys  of  Manganese  Free  from  Carbon,  by  F.  Lynwood  Garrison, 
Philadelphia,  Pa. 

A  New  Form  of  Furnace  for  Roasting  and  Oxidizing  Ores,  by 
W.  P.  Blake,  Shullsburg,  Wis. 

The  President  appointed  Messrs.  A.  E.  Lehman,  W.  L.  Scaife 
and  J.  T.  Jones  as  scrutineers  to  examine  the  ballots  for  officers. 

At  the  second  session  held  Wednesday  afternoon,  February  22d, 
the  following  papers  were  read  and  discussed  : 

Additional  Notes  on  the  Prismatic  Stadia-Telescope,  by  R.  H. 
Richards,  Boston,  Mass. 

Titaniferous  Ores  in  the  Blast-Furnace,  by  Auguste  J.  Rossi, 
New  York  City. 

The  Biwabik  Iron-Mine,  by  H.  V.  W^iiichell  and  John  T,  Jones, 
Minneapolis,  Minn. 

At  the  third  and  concluding  session  the  following  paper  was  read 
and  discussed : 

Note  on  Unfreezable  Dynamite,  by  E.  E.  R.  Tratman,  New  York 
City. 

The  following  were  presented  in  print,  and  abstracts  of  their  con- 
tents were  offered  by  the  Secretary,  in  the  absence  of  their  authors : 

The  Phosphate-Mines  of  Canada,  by  Henry  B.  Small,  Ottawa, 
Canada. 

The  Reduction- Works  of  the  Mount  Stewart  Lead  and  Silver 
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Mining  Company,  Leadville,  New  South  Wales,  by  F.  M.  Drake, 
Sydney,  N.  S.  W. 

Notes  on  the  Geology  of  the  Half-Moon  Mine,  Pioche,  Nevada, 
by  E.  A.  Wiltsee,  San  Francisco,  Cal. 

The  Cause  of  Faulting,  by  John  A.  Church,  New  York  City. 

Note  on  Anthracite  "  Coal-Apples  "  from  Pennsylvania,  by  W.  S. 
Gresley,  Erie,  Pa. 

An  Investigation  of  Coals  for  Making  Coke  in  the  Semet-Solvay 
Ovens,  with  the  Recovery  of  Ammonia  and  Tar;  and  Remarks  on 
the  Sources  of  Ammonia,  by  J.  D.   Pennock,  Syracuse,  N.  Y. 

The  Mineral  Resources  of  Southeast  Alaska,  by  G.  W.  Garside, 
Juneau  City,  Alaska. 

Note  on  Emmerton's  Method  for  the  determination  of  Phos- 
phorus, by  H.  C.  Babbitt,  Thurlow,  Pa. 

A  Variable-Speed  Pulley,  by  H.  C.  Spaulding,  Exeter,  N.  H. 

Method  of  Plumbing  Shafts,  by  A.  Neustadter,  Helena,  Mon- 
tana. 

The  Manufacture  of  Charcoal-Iron  from  the  Bog-  and  Lake-Ores 
of  Three  Rivers'  District,  Province  of  Quebec,  Canada,  by  P.  H. 
Griffin,  Buffalo,  N.  Y. 

The  following  papers  were  read  by  the  Secretary  in  the  absence  of 
the  authors: 

The  Use  of  Producer-Gas  for  Drying  and  Roasting  Ore  at  the 
Lixiviation-Mill  of  the  Holden  Smelting  and  Milling  Company, 
Aspen,  Colorado,  by  Willard  S.  Morse,  Aspen,  Colorado. 

Notes  on  the  Lease-  or  Tribute-System  of  Mining  as  Practised  in 
Colorado,  by  Benjamin  B.  Lawrence,  Denver,  Colorado. 

The  following  paper  was  read  by  title : 

The  Big  Stone  Gap  Coal-Field,  by  James  M.  Hodge,  Big  Stone 
Gap,  Va. 

The  scrutineers  appointed  at  a  previous  session  submitted  their 
report,  declaring  the  following  officers  to  have  been  elected  : 

PRESIDENT. 
Henry  M.  Howe,    .....    Boston.  Mass. 

VICE-PRESIDENTS. 

(To  Serve  Two  Yeare.) 

A.  .1.  Bowie,  Jr., Sau  Francisco,  Cal. 

Robert  G.  Leckie,          ....     Londonderry,  Nova  Scotia. 
E.  G.  Spilsbury, New  York  City. 
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MANAGERS. 
(To  Serve  Three  Years.) 

H.  H.  Campbell Steel  ton,  Pa. 

W.  L.  Sheafee, Pottsville,  Pa. 

A.  M.  Shook Tracy  City,  Tenu. 


Theodore  D.  Rand, 


TREASURER. 

.    Philadelphia,  Pa. 


SECRETARY. 
RossiTER  W.  Raymond,  .        .        .    New  York  City. 


After  appropriate  remarks  from  the  President  elect  and  the  retir- 
ing President,  and  the  passage  of  a  resolution  in  recognition  of  cour- 
tesies received  by  the  Institute,  the  meeting  was  adjourned. 

Members  and  Associates  Elected. 
The  following  persons  were  elected  by  mail,  November,  1892: 

Members. 

Graham  Bird  Bell Covington,  Va. 

Horace  L.  Brooke,    .....  Baltimore,  Md. 

James  Gregory  Carletou,  .        .        .  Honda,  Colombia,  S.  A. 

William  B.  Fisher, San  Francisco,  Cal. 

C.  A.  Grasselli, Cleveland,  Ohio. 

James  T.  Hollow Zalathua,  Transylvania. 

Willard  S.  Morse Aspen,  Colo. 

William  J.  Waterman,     ....  Vancouver,  B.  C. 

H.  B.  Weaver Port  Oram,  N.  J. 

William  R.  Webster,         ....  Philadelphia,  Pa. 

Stanley  G.  Flagg,  Jr.,        ....  Philadelphia,  Pa. 

A.  J.  Rossi, New  York  City. 

Associate. 

Emanuel  B.  Toedt Albany,  N.  Y. 

The  following  persons  were  made  Members  or  Associates,  by  elec- 
tion, during  the  sessions  of  the  meeting: 


Members. 


James  M.  Baldwin, 
Maurice  Barnett, 
Joseph  Beck,     . 
James  Bishop,  . 
Rudolph  Boericke, 
Charles  E.  Borden, 
William  M.  Brewer, 
Frank  0.  Briggs, 


Hill  City,  S.  Dakota. 

Clemens,  Nev. 
Thomasville,  N.  C. 
Wellington,  New  Zealand. 
Brookwood,  Alabama. 
Wilmington,  N.  C. 
BluflFton,  Alabama. 
Trenton,  N.  J. 
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Arthur  B.  Browne, 
Arthur  Brutner, 

F.  B.  Buck, 
John  Carkeek,  . 
Thomas  B.  Catron, 
James  D.  Cockburn, 
Charles  L.  Constant, 
William  J.  Cox, 
Benedict  Croweil, 
James  Darsie,   . 
George  C.  Davis, 
Morgan  Davis,  Jr., 
William  W.  Davis, 
C.  E,  Dewey,     . 
Henry  P.  Dickinson, 
John  J.  Drummoud, 
Edward  L.  Dufourq, 
Henry  J.  Eder, 
Henry  W,  Edwards- Vau 
Stephens  H.  Emmens, 
Charles  Fergie, 
Robert  H.  Flaherty, 

C.  Le  Neve  Foster,   . 
Hans  A.  Frasch, 

G.  W.  Garside,  . 
Leo.  Gluck, 
Eli  S.  Godfrey, 
Richard  P.  Heckscher, 
Joseph  J.  Henderson, 
J.  J.  Hoblitzell, 
George  U.  Ingersoll, 
Charles  H.  Johnson, 
E.  P.  Jones, 
John  S.  Kellogg,  Jr 
John  G.  Lanuing, 
Charles  E.  Lawrence, 
H.  S.  Lawrence, 
Henry  F.  Lefevre, 
Solomon  Lefevre, 
Richard  L.  Lloyd, 
Edwin  Ludlow, 
George  McDougall, 
T.  F.  McGiunis, 
John  McKillop, 
James  McNaughton, 
Henry  L.  Manley, 
C.  H.  Miller,     . 
Leonard  B.  Miller, 
W.  P.  Miller,  Jr., 
Norman  J.  Nichols, 
R.  L.  Oberhoiser, 
William  Painter, 
Thomas  S.  Perkins, 
Walter  W.  Pickford, 
Edward  Reese, . 


hn. 


Boston,  Mass. 

Durango,  Mexico. 

Sherbrooke,  Cau. 

Butte,  Mont. 

Santa  Fe,  N,  M. 

Thurlow,  Pa. 

New  York  City. 

Aspen,  Colo. 

Cleveland,  Ohio. 

Pittsburgh,  Pa. 

Pottsville,  Pa. 

Carmel,  Pa. 

Secaucus,  N.  J. 

Georgetown,  Colo. 

Chicago,  111. 

Radnor  Forges,  Can. 

New  York  City. 

New  York  City. 

Sudbury,  Can. 

Youngwood,  Pa. 

Westville,  N.  S. 

Iron  Mountain,  Mich. 

Llandudno,  Wales. 

Cleveland,  Ohio. 

Juneau  City,  Alaska. 

Jeflferson  City,  Mo. 

Morrisville,  Va. 

Philadelphia,  Pa. 

Kingsbridge,  N.  Y. 

Meyersdale,  Pa. 

Silverton,  Colo. 

Iron  Mountain,  Mich. 

New  York  City. 

S.  Chicago,  111. 

Chester,  Pa. 

Amasa,  Mich. 

Pierrefitte,  France. 

Panama,  S.  A. 

Burden,  N.  Y. 

Butte,  Mont. 

Hartshorue,  I.  T. 

Moutreal,  Can. 

Danville,  Pa. 

Singapore,  Straits  Settlements. 

Albany,  N.  Y. 

Ashland,  Pa. 

Baltimore,  Md. 

Cleveland,  Ohio. 

Oakland,  Cal. 

Honda,  S.  A. 

West  Superior,  Wis. 

Baltimore,  Md. 

Brooklyn,  N.  Y. 

Brooklyn,  N.  Y. 

Centralia,  Pa. 
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Elliot  Roosevelt, 
Willard  N.  Sawyer, 
E.  A.  Sjostedt,  . 
James  D.  A.  Smith, 
John  H.  Sprow, 
James  Starr, 
George  W.  Stuart, 
William  C.  Thomas, 
John  L,  Thompson. 
H.  F.  Torrey,    . 
Charles  F.  Treadway, 
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Excursions  and  Entertainments. 

Wednesday  evening,  February  22d,  visitors  were  driven  in  sleigh.s 
via  Mount  Royal  and  the  Toboggan  Slides  to  the  houses  of  the 
Montreal  and  St.  George's  Snow-Shoe  Clubs,  where  they  were  en- 
tertained by  the  clubs. 

Friday  morning,  the  members  of  the  Institute  were  invited  guests 
at  the  official  opening  of  the  new  buildings  for  Engineering  and 
Physics  of  McGill  University,  by  His  Excellency,  Lord  Stanley,  of 
Preston,  Governor-General  of  the  Dominion  of  Canada,  and  like- 
wise at  a  reception  given  in  honor  of  that  event  on  Friday  evening, 
by  the  Governors  of  McGill  University,  and  a  reception  given  in 
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honor  of  the  Governor-General  on  Saturday  evening,  by  Sir  Donald 
Smith,  Chancellor  of  the  University,  and  Lady  Smith. 

On  Friday  evening,  there  was  also  a  fancy  dress  skating  carnival 
in  the  Rink  of  the  Victoria  Skating  Club ;  and  opportunities  to  wit- 
ness or  share  in  such  winter  sports  as  sleighing,  "  tobogganing," 
"hockey"  and  "curling,"  as  well  as  skating,  were  continually  of- 
fered throughout  the  week,  to  the  members  and  ladies  of  the  Insti- 
tute by  the  hospitality  of  the  association,  and  citizens  of  Montreal. 

Saturday  was  spent  in  an  excursion  by  special  train  to  Radnor 
Forges,  Lac-a-la  Tortue  and  Grand  Piles,  including  an  inspection  of 
the  works  and  kiln  of  the  Canadian  Furnace  Company,  and  a 
sleighing-party  in  the  foi'ests  on  the  bank  of  the  river  St.  Maurice. 
The  party  returned  to  Montreal  late  in  the  evening. 
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ZINC-BLENBE  MINES  AND  MINING  NEAB  WEBB 
CITY,  MO. 

BY  CARL  HENRICH,  DUCKTOWN,  TENN. 

(Baltimore  Meeting,  February,  1892.) 

I.  Occurrence  of  Zinc-Ore  in  Southwest  Missouri. 

The  zinc-ore  deposits  of  southwest  Missouri,  extending  into  the 
southeast  corner  of  Kansas,  occur  mostly  in  the  Sub-carboniferous 
limestone,  which  comes  to  the  surface  over  a  large  portion  of  that 
country.  The  limestone  beds  are  overlain  in  places  by  patches,  or 
small  basins  of  bituminous  clay-  and  calcareous  slates  and  shales, 
w^hich  in  turn  contain  small  patches  of  a  dirty,  very  soft  bituminous 
coal.  The  limestones  underlying  these  patches  of  shales,  slates,  and 
coal,  frequently  contain  in  vugs,  cavities  and  seams  much  semi-liquid 
bitumen  ;  and  isolated  stringers  and  crystal-aggregates  of  zinc-blende 
and  galenite  are  often  found  associated  with  this  occurrence  of  bitumen 
in  the  limestone.  It  can  hardly  be  doubted  that  this  bitumen  played  a 
conspicuous  part  in  the  deposition  of  at  least  that  portion  of  the  galen- 
ite and  blende  occurring  with  it,  or  in  close  proximity  to  it.  I  have 
frequently  observed  this  semi-liquid  bitumen  in  the  casts  of  the  numer- 
ous fossil  shells  and  corals,  etc.,  with  which  these  limestones  abound, 
especially  in  the  horizons,  and  in  the  immediate  neighborhood  of 
the  ore-deposits ;  and  I  am  strongly  impressed  with  the  idea,  that 
organic  matter  (in  the  form  of  bitumen  and  of  gaseous  hydro-carbons, 
probably)  was  an  agent  in  the  reduction  and  deposition  of  sulphide  of 
zinc  from  the  sulphate  solution,  in  which  at  least  part  of  this  metal 
was  carried  from  an  unknown  source  to  its  present  place,  although 
the  larger  portion  of  the  blende  was  probably  deposited  in  its  present 
place  in  a  diiferent  manner,  as  will  be  seen  further  on. 

These  zinc-ore  deposits  are  spread  over  a  large  area,  not  in  one 
continuous  ore-bed,  but  in  accumulations  of  ore-bodies,  varying  in 
dimensions  and  in  frequency,  but  all  (at  least  all  personally  known 
to  me)  occurring  in  the  upper  portions  of  the  Sub-carboniferous 
limestone,  underlying  the  coal-measures  of  this  region.  As  the  sedi- 
mentary strata  of  the  region  are  nearly  level,  with  a  slight  dip  to  the 
northwest  (near  Webb  City)  of  only  a  few  feet  in  a  mile  ;  and  as  the 
overlying  clay-slates  and  calcareous  shales  of  the  coal-measures  are 
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nowhere  very  thick,  all  the  ore-bodies,  so  far  discovered  and  worked 
have  been  reached  at  comparatively  shallow  depths;  and  no  really  deep 
mining  has  so  far  been  done  in  the  district.  The  zones  in  which  the 
ore-bodies  occur  run  in  a  northwesterly  and  southeasterly  direction 
for  over  50  miles  from  Aurora,  in  Lawrence  county  (on  the  Frisco 
railroad)  to  Galena,  Kansas,  just  across  the  Missouri  boundary  line, 
with  a  width  (at  the  center)  of  about  25  miles  from  Granby,  Mo.,  to 
beyond  Joplin,  Mo.,  in  a  northerly  and  southerly  direction.  Not 
all  this  large  area  is  probably  mineral  land,  i.e.,  land  containing  de- 
posits of  zinc-ore  of  paying  proportions  and  character ;  but  there  is 
a  fair  chance  for  any  one  of  the  twenty  thousand  40-acre  tracts  em- 
braced in  it  to  be  as  rich  in  zinc-ore  as  the  best-known  rich  zinc-ore 
lands  of  that  region.  The  ore  found  in  the  southern  and  eastern 
parts,  at  Aurora  and  Granby,  is  largely  silicate  of  zinc,  while  the 
mines  near  Joplin  and  Webb  City  contain  almost  wholly  zinc- 
blende.  Galenite  is  frequently  found  in  many  of  the  zinc-mines, 
mostly  at  either  a  slightly  higher  horizon  than  the  zinc-ore  or  in  the 
upper  portions  of  the  zinc-ore  deposit  itself  Many  of  the  old  lead- 
ore  mines  of  the  early  Joplin  lead-excitement  of  1870  and  1871  have 
since  been  turned  into  good  zinc-ore  producers,  after  lying  idle  for 
years,  because  worked  out  as  lead  mines  and  abandoned  as  worth- 
less. Not  a  few  have  since  paid  more  to  their  owners  from  zinc-ore, 
than  they  did  in  Joplin's  best  "  lead-days"  from  lead-ore. 

II.  Character  of  the  Zinc-Blende  Deposits  Near  Webb 

City. 

Webb  City,  in  Jasper  county,  Missouri,  is  in  the  center  of  the 
zinc-ore  district  of  southwest  Missouri.  The  largest  and  richest  de- 
posits have  been  discovered  and  worked  for  years  in  and  around  this 
city  and  its  sister  town,  Carterville.  The  two  are  separated  by  a 
creek  along  which  the  (formerly  very  productive)  mines  of  the 
Center  Creek  Mining  Company  are  located.  No  mining  of  consid- 
erable extent  has  been  done  in  or  under  Webb  City;  but  the  mines 
of  Carterville  are  largely  in  and  beneath  the  town  itself.  The  mines 
most  productive  at  the  time  of  my  stay  in  Webb  City,  about  two 
years  ago,  were  situated  south  and  west  of  that  place. 

The  ore-deposits  occur  in  lenticular  masses  of  chert,  which  lie 
nearly  horizontal  and  are  surrounded  everywhere  by  limestone. 
These  chert  lenses  doubtless  fill  spaces  formerly  occupied  by  the  Sub- 
carboniferous  limestone  in  which  they  occur.  The  opinion  very 
generally  prevails  that  they  ai-e  distinct  strata,  separate  from  and 
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alternating:  with  Sub-carboniferous  limestone.  While  I  have  not 
been  able  to  verify  my  opinion  by  actual  survey,  I  have  strong 
reasons  for  the  belief,  that  these  supposed  chert  layers  or  strata  are 
in  reality  lenticular  masses,  the  largest  dimensions  of  which  coincide 
with  the  direction  of  the  limestone  strata,  and  that  the  flint  or  chert 
is  simply  an  altered  limestone,  the  carbonate  of  lime  having  been 
leached  out  and  silica  deposited  in  its  place.  We  find,  in  the  midst 
of  the  chert  lenses,  so-called  boulders,  in  reality  nuclei  of  more  or 
less  decomposed  limestone.  Besides,  I  have  observed  iu  the  lime- 
stone roof  of^  these  chert  lenses  (which  in  this  case  was  also  the  roof 
of  an  excavated  ore-chamber),  vugs  and  cavities  running  up  into  the 
limestone,  filled  with  the  same  chert-material  as  had  occupied  the 
excavated  chamber.  While  on  one  side  of  this  ore-chamber  the 
chert  (without  pay-ore  in  it)  continued  farther  out,  iu  another  direc- 
tion the  limestone  took  the  place  of  the  chert ;  and  the  contact  be- 
tween the  chert  underneath  and  the  limestone  above  nowhere  coin- 
cided with  the  stratification  planes  of  the  limestone. 

Fig.  1  is  a  correct  representation  of  the  main  features  of  a  large 
zinc-ore  deposit  near  Webb  City,  with  which  I  became  well  ac- 
quainted, and  is  typical  of  the  zinc-blende  deposits  throughout  the 
region.  The  zinc-blende  occurs  impregnated  and  in  seams  and  masses 
in  the  chert,  so  that  frequently  the  fragments  of  the  latter  appear 
cemented  together  by  the  blende,  which  everywhere  permeates  the 
mass  in  a  perfect  net-work.  When  the  ore  gets  very  rich  the 
seams  of  blende  increase  in  thickness,  and  the  chert  sometimes  dis- 
appears altogether,  so  that  blende  in  solid  masses,  or  in  loose  aggre- 
gates of  crystals  ("  gravel-jack")  occurs  in  the  ore-deposit.  Usually 
the  blende  becomes  more  abundant,  and  sometimes  altogether  replaces 
the  flint  or  chert  in  the  lower  portions  of  the  ore-deposit.  Where  the 
bottom  of  an  ore-deposit  has  been  reached  near  Webb  City  (which 
has  been  only  in  a  few  cases),  a  layer  of  very  solid  dense  chert  or 
flint  usually  cuts  oif  the  zinc-ore.  In  such  cases  other  ore-deposits 
have  been  found  at  greater  depth,  to  be,  in  some  instances,  again  cut 
off  in  depth  by  layers  of  dense  flint  or  chert.  In  one  mine  of  the 
district  I  was  credibly  informed  that  this  had  occurred  three  times, 
and  that  a  fourth  blende-deposit  below  the  third  was  then  under 
exploration.  In  none  of  the  mines  examined  by  me  had  the  bottom 
of  the  ore-body  been  reached.  Much  work  has  been  done  in  these 
mines  for  years,  but  it  has  all  been  done  iu  such  a  ''hand-to-mouth  " 
fashion,  with  almost  no  exploration  preceding  the  ore-extraction, 
that  it  is  very  difficult  to  obtain  by  cursory  examination  an  accurate 
idea  of  their  character. 
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The  ore-bodies  sometimes  are  identical  with  the  chert  lenses,  so 
that  the  entire  chert  lens  is  more  or  less  impregnated  with  zinc- 
blende;  but  more  frequently  separate  ore-bodies  occur  in  one  or 
more  parts  of  the  larger  lenses.  While  I  do  not  know  of  any  ore- 
body  near  Webb  City  which  is  outside  of  these  chert  lenses,  it  would 
be  erroneous  to  suppose  that  all  layers  or  masses  of  chert  in  that 
vicinity  contain  zinc-blende  deposits.  Frequently  chert  or  flint  has 
been  found  without  any  traces,  even,  of  zinc- blende.  And  as  I  have 
stated  already,  in  the  few  cases  in  which  the  bottom  of  a  zinc-blende 
deposit  has  been  reached  near  Webb  City,  it  is  cut  off  by  a  layer  of 
dense  chert  or  flint. 

The  chert  is  evidently  a  later  formation  replacing  portions  of  the 
limestone.  Whether  some  of  the  zinc-blende  was  deposited  in  the 
fissures  and  cracks  of  the  limestone  before  this  replacement  by  the 
chert,  is  an  open  question.  Two  distinct  periods  of  zinc-blende 
deposition  may  be  observed  in  these  Webb  City  deposits.  Side  by 
side,  and  one  covered  or  permeated  by  the  other  in  the  same  ore-body, 
occur  "rosin-jack  "  and  "  black-jack."  Outside  of  the  chert-bodies 
small  deposits  of  blende  may  be  seen  usually  in  seams  or  vugs  in 
the  limestone,  together  with  a  half-fluid  bitumen,  which  frequently 
impregnates  the  rock,  giving  it  a  peculiar  dark  color.  But  such 
prior  deposition  of  zinc-blende  in  the  limestone  (if  it  was  prior)  must 
have  been  comparatively  limited.  By  far  the  largest  portion  of  the 
zinc-blende  was  deposited  where  it  now  is  after  the  replacement  of 
the  limestone  by  the  chert.  The  zinc-blende  has  replaced  the  chert, 
which  had  replaced  the  limestone.  The  replacement  of  the  chert  by 
zinc-blende  points  to  an  alkaline  solution  of  zinc  sulphide  as  the 
agent  of  the  deposition.  Wherever  the  chert  allowed  the  free  pass- 
age of  such  zinciferous  alkaline  waters,  the  alkali  in  the  water  circulat- 
ing in  or  flowing  through  the  cracks  of  the  chert  attacked  and  dissolv- 
ing the  silica,  forming  alkaline  silicates  soluble  in  water,  and  at  the 
same  time  by  reason  of  the  decrease  of  free  alkali,  precipitating  the 
sulphide  of  zinc  in  the  form  of  blende.  The  slowness  of  this  deposition 
and  long  continuance  of  this  reaction  is  testified  by  the  large  size  of  the 
blende  crystals,  the  enormous  thickness  of  most  of  these  deposits, 
and  the  fact  that,  in  many  cases  the  whole,  or  nearly  the  whole,  of 
the  chert  mass  has  thus  been  replaced  by  zinc-blende.  Where  the 
alkaline  zinciferous  waters  were  most  retarded  in  their  subterraneous 
flow,  and  had  consequently  the  best  chance,  or  the  longest  time,  to 
act  on  the  chert  walls  of  the  fissures  in  which  they  circulated,  there 
must  be  expected  the  richest  portion  of  the  ore-deposits.    It  is  on  the 
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dense  flint  floors  of  the  ore-deposits,  comparatively  impervious  to 
water,  and  in  the  synclinal  troughs  or  (better  still)  basins  of  the 
strata,  that  one  would  look  for  the  richest  ore-deposits.  And  this,  so 
far  as  my  observations  go,  is  really  the  case  in  the  ore-deposits  around 
Webb  City. 

That  the  largest  part  of  the  zinc-blende  has  been  precipitated  from 
an  alkaline  solution  of  zinc  sulphide  by  the  combination  of  the  alkali 
with  the  chert  to  a  soluble  alkaline  silicate,  is  made  very  probable 
also  by  the  fact  already  cited  that  all  the  deposits  of  zinc-blende  of 
considerable  size  and  richness  occur  solely  in  the  chert  bodies,  while 
the  zinc-blende  occasionally  found  in  the  fissures  and  vugs  of  the 
limestone  itself,  occurs  only  sparingly,  and  always  associated  with 
bitumen.  This  bitumen  may  be  an  original  ingredient  of  these  lime- 
stones ;  or  it  may  have  infiltrated,  as  is  more  probable,  into  the  lime- 
stone along  the  fissures  in  which  it  is  found,  from  the  bituminous 
slates  and  shales  of  the  coal-measures,  which  overlie  the  subcarboni- 
ferous  limestones  in  local  basins.  The  impure  coal  found  in  these 
shales  resembles  frequently  a  semi-liquid  bitumen  more  than  a  real 
solid  coal.  The  zino-bleude  sparingly  associated  with  this  bitumen 
in  the  limestone  itself  has  probably  been  deposited  from  a  solution 
of  zinc  by  the  reducing  agency  of  these  hydrocarbons.  It  is  probable 
that  this  secondary  deposition  of  zinc-blende  from  a  solution  of  zinc 
sulphate  goes  on  to  this  day  in  some  parts  of  the  district,  and  in 
favorable  spots  within  the  ore-deposits  themselves.  The  reducing 
agent  in  the  form  of  semi-liquid  and  probably  also  in  form  of  gaseous 
hydrocarbons  is  present  everywhere  in  these  limestones  and  largely 
even  in  the  chert  bodies.  The  upper  portions  of  the  zinc-blende 
deposits  are  frequently  exposed  to  oxdizing  atmospheric  agencies, 
and  the  sulphate  of  zinc  thus  formed  is  easily  carried  to  the  reduc- 
ing agents  by  subterranean  waters,  to  be  reduced  to  sulphide  of  zinc 
and  to  be  redeposited  as  blende. 

III.  Ownership  of  the  Mines  and  Mining  Operators. 

The  mineral  right  in  Missouri  belongs  to  the  owner  of  the  sur- 
face. Much  of  the  land  was  taken  up  in  early  times,  long  before 
the  existence  of  zinc-ore  underneath  was  suspected.  Much  was 
granted  to  railroads  and  bought  from  the  railroads  by  speculators 
and  syndicates  in  the  early  lead-mining  excitement,  and  even  before 
that  time,  the  country  being  not  only  rich  in  mineral  wealth,  but 
also  a  fertile,  agricultural,  and  fruit-raising  region. 

The  owner  of  the  land,  except  when  the  title  is  vested  in  a  mining 
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company,  is  seldom  the  actual  operator  of  the  mines.  Often  the 
owner  leases  his  land,  in  whole  or  in  parts,  to  mining  companies  for 
a  cash  rental,  or  more  frequently  a  certain  percentage  of  the  clean 
ore  taken  from  the  mines.  The  raining  company  itself,  in  some 
cases,  works  the  mines,  or  it  again  sub-leases  the  tract  in  smaller 
"mining  lots"  to  actual  operators.  This  sub-leasing  is  done  inva- 
riably for  a  certain  percentage  of  the  clean  ore  produced.  Where 
the  mining  lots  are  sub-leased  by  the  mining  company,  the  royalty, 
of  course,  is  larger  than  the  royalty  paid  by  the  mining  company  to 
the  owner  of  the  land.  This  is  justified  by  the  fact  that  the  mining 
company,  before  sub-dividing  and  sub-leasing  the  land,  usually  ex- 
pends more  or  less  money,  in  prospecting  for  ore-deposits,  either  with 
the  diamond  drill  or  by  sinking  shafts  and  running  prospect-drifts. 
Besides  this,  the  lessor  of  these  mining  "  lots "  drains  the  ground 
by  pumps  put  into  central  pumping  shafts,  and  furnishes  through 
these  pumps,  in  most  cases,  the  water  necessary  for  the  cleaning  and 
concentrating  of  the  ore.  For  the  use  of  this  water  for  concentrat- 
ing, an  additional  royalty  of  about  $1  per  ton  of  salable  concen- 
trated ore  is  usually  charged  to  the  mine-operator. 

IV.  Ore-Buyers — Character  of  Salable  Ore. 

The  ore,  as  taken  from  the  mines,  is  only,  in  rare  cases,  pure  or 
clean  enough  to  be  salable.  The  ore-buyers  in  Webb  City  are  mostly 
agents  of  zinc  smelting  works,  the  majority  of  which  are  located  near 
the  Cherokee  coal-field,  in  the  town  of  Pittsburgh,  in  southeast 
Kansas.  These  smelting-works  insist  on  very  clean  ore,  either  pure 
lump-ore  of  solid  blende,  with  very  little  adhering  chert  or  iron  py- 
rites, or  the  richest  concentrates.  Concentrates,  which  in  any  Euro- 
pean zinc- works  would  be  considered  rich,  are  almost  unsalable  in. 
Webb  City.  It  is  owing  mostly  to  the  exaggerated  requirements  of 
the  ore-buyers  for  local  smelting-works  that  such  an  enormous  waste 
of  blende  has  taken  place  for  years  in  the  mining  of  this  region. 
When  managing  a  zinc-mine  near  Webb  City,  and  comparatively 
unacquainted  with  the  requirements  of  the  local  ore-market,  the 
writer  attempted,  while  working  a  comparatively  lean  part  of  an  ore- 
deposit,  in  which  the  blende  occurred  mostly  as  impregnations  in  the 
chert,  to  check  the  terrible  waste  in  concentrating  such  vein-matter 
on  jigs  only,  by  the  production  of  concentrates,  not  quite  pure,  but 
carrying  certainly  50  per  cent,  at  least  of  metallic  zinc.  The  product^, 
which  would  have  passed  as  a  rich  concentrate  in  any  European 
zinc-works,  went  begging  for  a  buyer  for  two  weeks,  and  could  then 
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be  disposed  of  only  by  partly  re-concentrating  it,  and  partly  mixing 
it  with  the  richest  concentrates. 

It  is  no  exaggeration  to  say,  that  in  many  cases  over  one-half  of 
the  zinc-blende  contained  in  the  vein-matter  treated  is  lost  in  con- 
centrating. Taking  the  entire  product  of  the  Webb  City  mines, 
at  the  time  of  the  writer's  stay  in  Webb  City,  two  years  ago,  it  is 
safe  to  assert  that  at  least  one-third,  and  probably  much  more,  of 
the  zinc-blende  rained  and  hoisted  from  those  mines,  was  lost  in 
concentrating.  The  larger  part  of  this  frightful  loss  is  directly 
chargeable  to  the  exaggerated  requirement  of  a  strictly  pure  concen- 
trate by  the  local  smelters.  That  the  smelting- works  should  wish 
to  obtain  as  clean  an  ore  as  possible,  and  that  they  should  insist  on 
such  a  high-grade  ore  as  long  as  they  are  able  to  obtain  it,  is  only 
natural ;  but  that  prosperous  mining  companies,  with  a  weekly  pro- 
duction (as  at  that  time,  for  instance,  the  Center  Creek  Mining  Com- 
pany) of  an  average  of  500  tons  (and  more)  of  this  rich  concentrate, 
should  consent  to  such  requirements  when  they  lose  thereby  at  least 
25  to  33  per  cent,  of  their  product,  seems  astonishing.  The  reason 
of  this  submission  is,  that  such  companies  are  not  directly  concerned 
in  the  loss.  Only  a  small  part  of  this  amount  of  ore  is  mined  and 
concentrated  by  the  mining  company  itself,  on  some  of  the  "lots' 
reserved  for  its  own  mining  operations.  Most  of  the  ore  is  concen- 
trated by  the  lessees  of  the  many  small  mining  lots  leased  from  the 
mining  company,  and  in  such  ore  the  company  is  interested  only  to 
the  extent  of  its  royalty.  Indirectly^  of  course,  the  mining  company 
is  as  much  interested  in  the  loss  of  ore  forced  on  its  lessees  by  the 
smelters  as  if  it  mined  the  ore  itself.  If  less  ore  is  produced  from 
the  same  amount  of  material  raised,  from  the  same  amount  of  ore- 
bearing  ground  worked  out,  the  profit  received  from  that  amount  of 
property  exhausted  is  so  much  less. 

All  ore  in  Webb  City  is  bought  by  "  guess."  The  ore-buyer  in- 
spects the  concentrates  or  lump-ore  in  the  bins  at  the  mines,  and,  if 
it  is  suitable,  tenders  a  bid  at  so  much  per  ton  for  the  wet  concen- 
trates. The  ore  is  always  weighed  in  its  wet  state  on  some  platform 
scale  in  the  wagons  of  the  ore-buyer,  deduction  for  water  being  made 
only  in  case  the  water  actually  drips  from  the  bed  of  the  wagon. 
The  ore-buyer,  of  course,  knows  by  experience  what  moisture  is  con- 
tained in  the  ore,  and  gauges  his  bid  accordingly.  But  as  bids  never 
vary  greatly  at  the  same  period,  it  is  decidedly  unprofitable  for  the 
miner  to  allow  a  full  bin  of  concentrates  to  remain  unsold  for  the 
week  during  which  the  concentrates  are  produced.     If  unsold,  his 
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binful  of  concentrates  will  dry  out  during  the  next  week.  He  will 
lose  in  weight  while  gaining  nothing  thereby  in  price.  His  drier  ore 
will  not  bring  him  any  more  money  per  ton  than  the  wet  ore  will 
bring  to  his  neighbor.  If  he  have  plenty  of  bin-room  for  several 
weeks'  production,  he  may  of  course  spread  his  first  week's  product 
over  the  floor  of  the  bin,  and  by  dumping  the  fresh  dripping  concen- 
trates on  top,  may  keep  his  ore  moist  as  long  as  he  has  room  on  top  of 
the  old  concentrates  for  dumping  the  newly  made.  But  to  let  a  binful 
of  concentrates  remain  unsold  for  the  week  of  its  production  in  Webb 
City  is  decidedly  unprofitable  to  the  miner,  even  if  he  may  hope  to 
get  thereby  the  next  week  a  slightly  higher  price  per  ton  for  his 
product.  In  fact,  the  ore-market  of  Webb  City  has  so  far  been  the 
smelter's  paradise.  The  ore  product  of  the  region  has  nearly  always 
been  slightly  ahead  of  the  consuming  capacity  of  the  smelting-works. 
This  has  given  the  smelters  always  a  decided  advantage  in  making 
the  bargains,  a  circumstance  of  which,  as  we  have  seen,  they  have 
well  understood  how  to  avail  themselves,  not  only  in  purchasing  ores 
at  remunerative  prices,  but  also  in  increasing  their  demands  for  the 
purity  of  the  purchased  ores  far  beyond  the  real  necessities  of  the 
zinc-smelting  industry.  Enormous  quantities  of  splendid  zinc-ore 
have  been  irretrievably  lost  in  consequence,  much  of  the  valuable 
tailings  having  been  used  as  railroad  ballast  and  road-making.  For 
these  purposes,  the  crushed  angular  chert-fragments  in  the  tailings 
of  the  concentrating-works  furnish  the  very  best  material,  and  the 
zince-blende  contained  in  it  in  considerable  quantity  is  no  detriment. 

V.  Manner  of  Opening  Mineral  Lands  and  Method  of 
Leasing  Mining  Lots. 
The  owner  of  a  tract  or  the  party  leasing  it  for  a  number  of  years, 
usually  sinks  a  shaft  at  a  point  deemed  favorable  for  striking  ore. 
None  of  the  ore-deposits  near  Webb  City  so  far  as  I  know,  crop 
out  at  the  surface ;  the  location  of  these  trial-shafts  is  purely  guess_ 
work.  A  pet  theory  with  the  mining  men  of  the  vicinity  is,  that 
the  "runs"  or  zones  of  ore-deposits  follow  northwest — southeast 
by  lines  of  surface  depression.  Adverse  facts  are  overlooked  or 
distorted  in  an  amusing  way  to  suit  this  theory.  A  line  of  depres- 
sion will  often  be  pointed  out  as  running  across  a  high  point  of  some 
prominent  ridge  of  the  rolling  prairie.  Nevertheless,  the  general 
esteem  in  which  northwest  and  southeast  "  depressions  "  are  held 
probably  has  a  substratum  of  geological  truth.  I  think  it  likely 
that  the  zones  of  ore-deposition  lie  along  the  synclinal  axes  of  the 
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sub-carboniferous  limestone  in  which  the  ore-bearing  chert  and  lenses 
are  found,  and  these  synclinal  axes  are  often  coincident  or  parallel 
with  depressions  in  the  surface,  although  at  other  times  they  run  at 
right  angles  (or  more  frequently,  diagonally)  across  the  ridges,  and 
may  be  found  on  the  other  side  of  a  ridge,  parallel  again  to  another 
depression  in  the  surface. 

The  significance  of  the  chert  or  flint  lenses  as  carriers'  of  the  ore- 
bodies  (a  relation  exhibited  by  all  the  blende-deposits  known  to  me 
near  Webb  City,  Joplin,  and  Granby)  has  been  too  little  regarded, 
I  think,  by  prospectors.  Whenever  a  large  body  of  chert  is  struck 
in  the  limestone,  it  would  be  well  to  prospect  within  it  for  blende- 
deposits.  Such  exploration  is  especially  advisable  along  the  top  of 
a  hard  smooth  layer  of  flint,  such  as  often  forms  the  "floor"  of  a 
blende-deposit,  and  carries  usually  the  richest  ore,  often  solid  pure 
zinc-blende  free  from  silica. 

After  an  ore-deposit  has  been  discovered,  the  trial-shaft  is  usually 
continued  some  distance  below  the  ore-horizon,  and  pumps  (generally 
cheap  and  primitive  Cornish  lift-pumps)  are  put  in  to  drain  the 
surrounding  country  and  furnish  water  for  ore-concentration.  The 
tract  is  then  surveyed  into  "  lots,"  usually  200  feet  square,  and  these 
are  let  to  individual  miners.  The  owner  or  first  lessee  (the  company) 
usually  receives  under  these  sub-leases  about  §1  per  ton  of  the  cleared 
marketable  ore,  for  the  water  furnished  for  concentration,  and  a  cer- 
tain percentage  of  the  said  product  as  royalty.  The  royalty  paid 
is  usually  from  15  per  cent,  to  25  per  cent,  on  cleaned  zinc-ore,  and 
double  that  amount  on  lead-ore,  which  is  generally  found  in  this  region 
at  smaller  depths,  is  easier  to  concentrate,  and  commands  after  con- 
centration about  twice  the  price  of  blende.  The  contract  of  the  sub- 
lessee of  a  lot  specifies  that  he  shall  work  either  a  certain  number  of 
shifts  each  month,  or  that  he  shall  not  work  below  a  certain  number 
of  men  for  so  many  consecutive  days,  under  penalty  of  forfeiture  of 
the  lease.  The  company  usually  reserves  the  right  to  buy  or  sell 
the  ore,  and  deduct  the  royalty  before  turning  over  the  proceeds  to 
the  lot-lessee  ;  but,  as  a  rule,  this  right  is  not  exercised,  and  the 
individuals  or  small  companies  working  the  lots,  sell  their  ore  to  the 
highest  bidder,  invariably  (as  already  described)  upon  simple  inspec- 
tion in  the  bins  at  the  mines  where  samples,  taken  by  the  buyer  on 
the  spot,  are  judged  by  the  eye,  without  further  test.  The  price 
offered  is  for  the  ore  in  the  bin,  the  cost  of  wagon  and  railroad  freights 
being  assumed  by  the  buyer.  This  system  of  sales  enables  men  of 
very  limited  means  to  lease  lots  and  try  their  luck  in  mining.     A 
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windlass  and  (after  pay-ore  has  been  struck)  a  cheap  horse-whim,  of 
the  well-known  Joplin  pattern,  are  the  usual  means  for  hoisting. 
Pumps  are  not  needed,  as  the  lessors  drain  the  ground  and  furnish 
water  for  concentration.  If,  as  is  frequently  if  not  always  the  case, 
the  ore-body  goes  deeper  than  the  lowest  horizon  drained  by  the 
pumps  of  the  lessors,  the  lot-lessee  mines  as  far  as  the  water  will 
permit;  and  the  ore  he  cannot  get  is  left  for  future  times,  when  the 
lessors  may  sink  their  pump-shafts  deeper.  But  what  is  most  likely 
to  happen,  especially  in  very  rich  mines,  is  that  the  upper  portion  of 
the  ore-deposit,  drained  to  a  certain  depth  only,  is  so  worked  out  as 
to  remove  the  necessary  support  of  the  roof,  which  caves  in,  thus 
making  it  difficult  or  impossible  to  extract  the  lower  (and  gener- 
ally richest)  portion  of  the  ore-deposit,  buried  under  the  "cave." 
Such  caves  are  numerous  around  Webb  City,  where  some  of  the 
richest  mines  have  thus  come  to  an  untimely  and  altogether  un- 
necessary end.  This  cheap  and  primitive  mining  on  small  lots  has 
enabled  many  a  poor  miner  to  acquire  a  moderate  fortune  ;  but  on 
the  other  hand,  the  majority  have  probably  earned  very  small  wages 
by  working  for  their  own  account  on  such  lots ;  and  the  system  has 
certainly  been  the  ruin  of  many  of  the  best  mines  in  the  region. 

The  Garrison  mine,  the  Sucker  Flat  mines  of  the  Center  Creek 
Company,  and  the  mines  of  that  same  company  on  the  Webb  land  are 
instances,  having  been  ruined  almost  beyond  recovery,  except  by 
methods  not  yet  even  dreamed  of  in  Webb  City  mining  circles  at  or 
before  what  ought  to  have  been  the  most  prosperous  period  in  their 
history.  Yet  there  is  hardly  a  mine  of  promise  near  Webb  City 
to-day  which  is  not  following  exactly  in  the  same  beaten  path  to 
destruction.  It  is  sad  to  see  the  richest  zinc-mines  of  the  world 
operated  so  as  to  bring  to  their  owners  a  rich  immediate  harvest 
almost  without  risk,  by  the  sacrifice  of  a  large  part  of  their  present 
accessible  value,  and  a  still  larger  part,  possibly  the  whole  of  the 
greater  wealth  not  now  accessible.  Nor  is  this  wasteful  policy  any 
longer  required,  even  by  immediate  considerations  of  economy,  based 
upon  lack  of  capital.  In  the  early  days,  when  the  land  owners 
themselves  were  poor  and  outside  capital  was  not  easily  to  be  had, 
small  mining  companies  or  individuals  of  limited  means  undertook 
the  development  of  the  mines  ;  and  the  lack  of  funds  often  compelled 
them  when  they  struck  pay-ore,  to  work  for  immediate  profits  with- 
out regard  to  the  possible  curtailment  of  the  life  of  the  mine,  or  even 
the  burial  beyond  reach  of  the  most  profitable  portions  of  the  ore- 
deposit.  But  that  a  prosperous  rich  mining  company  should  follow 
this  "  custom  of  the  country  "  is  a  suicidal  folly  without  excuse. 
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YI.  Present  Manner  of  Mining. 

The  system  of  titles  and  occupancy,  described  above,  has  devel- 
oped a  peculiar  method  of  mining,  which  is  unfortunately  almost 
universal  in  this  neighborhood,  though  it  is  most  unscientific,  least 
adapted  to  the  real  requirements  of  the  case,  and  fraught  with  dis- 
astrous consequences  to  the  industry  itself. 

The  evils  of  small  mining  leases,  granted  to  individuals,  and  not 
guarded  by  stringent  specifications  as  to  the  nature  of  the  operations 
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required  or  permitted,  would  perhaps  be  no  greater  in  this  district 
than  they  have  always  proved  to  be  in  all  mining  districts,  but  for 
one  circumstance  which,  in  this  case,  seriously  aggravates  them. 
Namely,  the  leasing  of  such  small  lots  and  the  extraction  of  ore  from 
them  is  here  always  in  vigorous  progress  long  before  the  ore-deposit 
has  been  drained  to  its  bottom,  and  consequently  before  the  lower 
portions  can  be  reached  and  worked.  The  resulting  state  of  afifairs 
is  indicated  in  Figs.  2  and  3,  which  are  intended  to  show  the  cus- 
tomary manner  of  mining  near  Webb  City. 
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Lots  I.  and  II.  are  on  the  land  of  a  mining  company,  which,  at 
the  time  the  lots  were  let,  had  sunk  a  neighboring  pump-shaft  out- 
side of  both  lots,  and  drained  the"  ground  to  the  level  B.  In  the 
course  of  time,  both  I.  and  II.  work  out  the  ore-deposit  to  that  level 
B.  At  first,  possibly  (though  not  probably),  they  leave  pillars  of 
ore  as  supports  of  the  roof,  in  the  area  indicated  in  the  plan.  Fig.  3, 
by  the  line  6  6  6.  But  as  time  goes  on,  and  the  delay  of  the  mining 
company  in  sinking  its  pump-shaft,  to  drain  the  deeper  ground,  pre- 


Plan  of  Ore-deposit  shown  in  Fig.  2. 
Limits  of  ore  or  flint-bodyl^aa,  at  level  A, 
Fig,  2;  b  b  b,  at  B;  o  oc,at  C;  d  d  d,at  D. 
The  dotted  line  incloses  the  area  within 
which  there  is  no  adequate  support  of 
the  roof  of  the  ore-deposit. 

vents  lessees  I.  and  II.  from  attacking  that  ground,  the  pillars  of 
ore  are  removed  one  after  another,  until  there  may  not  be  a  single 
pillar  supporting  the  roof  in  the  whole  area  6  6  6.  Such  occurrences 
are  frequent  in  the  Webb  City  mines.  The  excellent  limestone  roof 
in  most  of  the  mines  may,  even  then,  stand  the  strain,  especially 
when  it  is  (as  sometimes)  60  to  80  feet  thick.  But  at  other  times  it 
is  much  thinner,  and  then  the  cave  occurs  sooner. 

The  raining  company  is  in  no  hurry  to  sink  its  shafts  and  drain 
the  laud  to  greater  depths.  The  many  small  lots  are  still  producing 
plenty  of  ore,  of  svhich  probably  one-quarter  goes  to  the  mining  com- 
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pany  without  any  cost  beyond  that  of  keeping  the  pumps  running. 
As  long  as  this  agreeable  period  of  easy  profits  without  expenditure 
continues,  the  company  sees  no  reason  for  outlay  in  sinking  shafts 
deeper,  procuring  heavier  and  better  puraping-plants,  pumping  more 
water  from  greater  depths,  increasing  labor-  and  fuel-bills,  buying 
costly  machinery,  to  receive,  after  all,  no  larger  returns  each  week 
than  before.  If  the  folly  of  thus  killing  the  goose  that  lays  the 
golden  eggs  is  urged  upon  such  parties,  their  answer  is :  "  Every- 
body is  doing  the  same  thing.  It  has  always  been  thus,  since  Joplin 
came  into  existence  ;  and  therefore  it  must  be  best.  If  people  act 
differently  somewhere  else,  well,  there  are  different  circumstances 
everywhere ;  and  the  people  of  Webb  City  especially  the  old  Webb 
City  miners,  surely  know  best  what  is  good  for  Webb  City  mines." 
The  results  I  have  already  shown.  They  are  illustrated  by  every 
leading  mine  in  the  history  of  the  region.  And  the  most  valuable 
deposits  have  suffered,  and  will  suffer  most.  It  is  only  a  question  of 
the  thickness  of  the  limestone  roof,  and  of  the  horizontal  extent  and 
the  richness  of  the  ore-body,  whether  the  cave  of  the  roof  and  the 
ruin  of  the  mine  occurs  sooner  or  later.  The  thinner  the  lime- 
stone roof,  and  the  larger  and  richer  the  ore-body  recklessly  excavated, 
the  earlier  will  the  mine  cave  in,  and  the  smaller  will  be  the  ratio 
of  the  ore  obtained  before  the  cave,  to  the  amount  of  ore  buried  be- 
neath it. 

VII.  Rational  Method  of  Mining  Ore-Bodies. 
From  what  has  been  said  of  these  ore-deposits,  it  is  evident,  that 
a  rational  system  of  extracting  the  greatest  possible  amount  of  ore 
from  them,  must  aim  at  reaching  the  bottom  of  an  ore-body,  and 
sloping  from  below  upwards  instead  of  downwards  from  the  top, 
as  now.  Such  a  system  would  also  permit  the  storing  of  waste- 
rock  and  of  tailings  from  the  concentration-works  inside  the  mine, 
so  as  to  refill  (partially,  at  least)  the  excavated  space,  instead  of  de- 
positing these  waste  products  on  the  surface,  often  directly  over  the 
excavation  made  by  mining,  thereby  increasing  the  load  on  the  roof 
and  hastening  the  "  cave."  It  would,  moreover,  certainly  make 
mining  much  less  dangerous,  by  permitting  a  rational  and  simple 
securing  of  the  temporary  roof  of  the  mine  by  light  timbering, 
which,  with  the  present  manner  of  working,  is  almost  an  impossi- 
bility. The  ore-body,  being  mostly  a  conglomerate  of  angular 
chert  fragments  cemented  by  zinc-blende,  forms  an  excellent  tempo- 
rary roof,  especially  as  the  generally  excellent  limestone  roof,  if  not 
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weakened  by  long  exposure  and  the  repeated  shocks  of  heavy  blast- 
ing, does  not  bear  heavily  on  the  ore-body. 

Fig.  4  illustrates  the  proposed  rational  manner  of  working  these 
ore-bodies  near  Webb  City.  The  approximate  extent  and  shape  of 
the  ore-body  should  be  first  ascertained  by  means  of  drifts  at  differ- 
ent levels  from  the  discovery-shaft,  which  in  the  sketch  I  have  also 
supposed  to  become  the  pumping-  and  hoisting-shaft.     This  shaft 


Ideal   Section,  Illustrating  correct   manner  of   mining. 


ought  to  be  sunk  at  least  somewhat  deeper  than  the  lowest  point  of 
the  ore-body,  and  thus  be  certain  to  drain  the  whole.  When  the 
approximate  extent  of  the  mining-ground  has  been  ascertained,  a 
second  shaft,  which  may  be  small,  should  be  sunk  at  or  near  the 
center  of  the  ore-body,  preferably  intersecting  its  lowest  point.  This 
shaft,  which  will  of  course  secure  good  ventilation  for  the  mine,  is 
to  connect  with  the  lowest  working-level  of  the  working-shaft,  and 
the  work  of  excavating  the  ore-body  by  overhand  stoping,  ought  to 
commence  at  the  intersection  of  this  second  shaft  (the  air-  and  waste- 
shaft  of  the  sketch)  with  the  floor  of  the  ore-body,  and  should  pro- 
ceed in  the  well-known  manner,  shown  in  Fig.  4..    The  large  barren 
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pieces  sorted  out  of  the  rock  broken  in  the  mine,  are  kept  in  the 
mine,  instead  of  being  hoisted,  culled  out  at  the  surface  and  stored 
on  top  of  the  ground,  as  is  now  invariably  the  case.  The  working 
faces  are  made  accessible  by  the  light  timbering  indicated  in  the 
sketch,  which  follows  the  excavation  outward  and  upward  from  the 
point  where  stoping  began.  This  light  timbering  serves  also  to 
confine  the  waste  material,  not  only  the  large  barren  rocks  culled 
out  in  the  mines,  but  if  desirable,  also  all,  or  the  larger  part,  of  the 
tailings  from  the  concentration-works,  which  may  either  be  lowered 
through  the  air-  and  waste-shaft  in  dump-cars,  as  counter-weight  to 
the  ore-cars  ascending  through  the  working-shaft  to  the  concentra- 
tion-works; or  they  may  be  dumped  through  the  air-  and  waste- 
shaft  directly  to  the  center  of  the  excavation  and  thence  distributed 
by  hand-labor,  or  by  means  of  a  small  quantity  of  water,  inside  of 
the  confining  timbers,  wherever  wanted  to  fill  up  excavated  space. 
The  latter  method  would  be  especially  adopted  in  those  mines,  where 
a  scarcity  of  water  would  require  using  the  same  water  twice  or 
oftener  for  concentration.  Filtering  through  the  waste-rock  and 
tailings  in  the  mine  would  to  a  great  degree  clarify  the  muddy  water 
which  would  bring  the  tailings  to  their  places  of  deposition  in  the 
mine.  The  use  of  water  for  the  distribution  of  these  tailings  in  the 
mine  would  be  evidently  cheaper  than  handling  them  in  a  dry  state 
by  human  labor,  though  it  would  necessitate  a  slight  increase  in  the 
pumping  plant  and  in  boiler-capacity.  This  use  of  the  tailings 
would  incidentally  remove  a  danger  which  they  now  create.  They 
form  a  prominent  feature  in  the  landscape,  as  extensive  and  high 
mounds,  frequently  placed  directly  over  the  already  over-strained 
roof  of  the  mine,  and  hasten  by  their  ever-increasing  load  over  the 
stope  (itself  also  rapidly  increasing  in  length  and  width)  the  moment 
when  the  roof  cannot  bear  the  superincumbent  weight. 

Such  a  filling  of  the  excavated  spaces,  combined  with  overhand 
stoping  from  the  bottom  will  permit  the  economical  extraction  of 
all  the  ore,  without  settling  of  the  surface.  The  last  consideration 
would  have  been  specially  important  in  Cartersville,  which  is  so 
largely  undermined,  and  where  so  many  "caves"  have  occurred  and 
are  always  liable  to  occur. 

In  stoping  upwards  it  is  much  easier  to  preserve  the  correct  dome- 
shape  of  the  excavation,  as  shown  in  Fig.  5 ;  while  Fig.  6  repre- 
sents the  necessary  consequence  in  the  shape  of  the  excavation  under 
the  present  system  of  mining. 

Another  matter  requiring  systematic  reform  is  the  protection  of 
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the  mines  against  unnecessary  entrance  of  surface-waters.  An  in- 
stance (though  an  extreme  one)  of  the  prevailing  carelessness  in  this 
respect  was  furnished  under  my  observation  by  a  large  company, 
both  leasing  to  individuals  and  operating  on  its  own  account  much 
land.  Over  part  of  its  land  a  considerable  creek  meandered  among 
the  numerous  shafts,  caved  or  not  caved ;  and  at  many  of  these 


Fig.  5 


shafts  hand-jigs  were  in  operation,  discharging  their  water  upon  the 
surface  or  into  artificial  reservoirs  dug  into  the  loose  ground.  To 
these  jigs  the  water  pumped  by  the  company  was  carried  over  the 
land  in  leaky  launders.  None  of  the  mines  had  gone  deeper  than 
140  to  150  feet,  yet  the  company  had  to  keep  several  large  pumping- 


ig.  6.^ 


plants  at  work  in  a  constant  struggle  with  the  water,  which  threat- 
ened to  drown  them  out.  Additional  boilers  and  pumps  were  put 
in,  but  all  the  while  the  water  thus  laboriously  raised  was  calmly 
discharged  into  the  creek  or  delivered  through  the  leaky  launders  to 
the  jigs  scattered  over  the  tract,  to  find  its  way  ultimately  back  into 
the  mines.  What  with  creek,  launders,  jigs  and  ponds,  at  least  two- 
thirds  of  all  the  water  pumped  was  thus  returned  to  be  pumped 
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again.  A  little  prudent  flnming,  conducting  the  water  beyond  the 
limits  of  the  company's  highly  perforated  territory  would  have  saved 
enormous  costs. 

The  same  company,  operating  on  another  rich  tract  of  land,  and 
having  ousted  some  individual  sub-lessees,  instead  of  repairing  the 
mischief  they  had  done,  took  out  the  few  pillars  they  had  left  as 
supports  of  a  weak  roof,  and  substituted  unsystematic  and  inade- 
quate log-cribbing.  This  company  was  deriving  royalty  from  about 
1,000,000  pounds  of  concentrated  zinc-blende  per  w^eek,  besides  its 
revenues  from  water  supplied  to  concentration.  Yet  it  had  no  maps 
of  underground  workings ;  and  in  some  mines,  less  than  a  year  old, 
much  of  the  territory  had  already  been  rendered,  by  caving,  inacces- 
sible to  surveyors. 

YIII.  Present  Concentration  of  Ore  Xear  Webb  City. 

Another  serious  loss  in  the  ore-production  of  the  region  arises  from 
the  manner  of  concentration  employed.  Fig.  7  shows  the  general 
arrangement  of  most  of  the  larger  concentration-works  driven  by 
steam  (or  electricity)  near  Webb  City.  The  concentrating-stuif, 
mostly  as  it  is  broken  in  the  mine,  without  any  sorting  underground, 
is  brought  on  small  trucks  over  a  narrow-gauge  track  to  the  bottom 
of  the  hoisting-shaft.  Thence,  the  full  tub  (usually  an  old  oil-  or 
whiskey-barrel)  is  hoisted  through  the  shaft  to  another  (wide-gauge) 
truck  at  the  top,  carried  along  the  railroad  P  to  the  culling-floor  or 
platform  O,  upon  which  the  contents  of  the  tub  are  dumped  by  tip- 
ping the  full  tub  over  a  strong  dumping-rail,  placed  about  24  to  30 
inches  to  one  side  and  the  same  distance  above  the  track  of  the  rail- 
road. An  empty  tub,  meanwhile,  descends  into  the  mine.  In  this 
manner  a  small  portable  steam-hoist,  with  upright  boiler  attached, 
of  about  4  to  5  H.  P.,  will  hoist  120  to  180  tubs  with  an  average 
load  of  400  pounds  of  concentrating-rock  during  the  10-hour  shift; 
and  300  tubs  may  be  considered  an  average  daily  (24  hours)  pro- 
duction for  a  mine  equipped  with  such  concentration-works.  This 
permits  the  treatment  of  60  tons  of  concentrating-stuff  every  24  hours. 
How  much  of  this  is  culled  as  waste  rock  on  the  platform  O  by  one 
or  two  men,  depends  very  much  on  the  quality  of  the  rock  hoisted, 
and  on  the  individual  view  of  the  owner  or  foreman  as  to  the  lowest 
grade  which  will  pay  for  concentration.  After  culling,  the  largest 
rocks  are  broken  with  sledges  to  the  size  (usually  either  7  or  10 
inches)  required  by  the  Blake  crusher  A,  into  the  jaws  of  which, 
placed  on  a  level  with  the  platform,  all  the  smaller  lumps,  as  well 
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as  the  fines,  are  also  shovelled.  Usually  a  stream  of  water  flows 
constantly  on  the  rock  between  the  jaws  of  the  crusher  and  materi- 
ally increases  the  capacity  of  the  crusher  by  preventing  its  choking, 
and  helping  to  wash  the  fine  stuflp  speedily  into  the  iron-  or  steel- 


General  Plan  of  Webb  City  Concentrating  Works. 

A    Blake  Crusher  K    Tailings-Elevator 

B    Copnish-RoMs  L    Platform  between  jigs 

C    Elevator  M     Bin  for  concentrates 

D    Roughing-Jig  N    Tailings-pile 

E    Launder  0    Culling-Platform 

F    Elevator  P    Railroad  from  Shaft  to  Cul ling-floor 

G     Finishing-Jig  R    Wheelbarrow-road  from  O    to  waste-dump 

H  &  I     Launders  — >  Direction  of  mine-product  during  concentration 

lined  launder  underneath,  which,  with  a  very  moderate  inclination, 
is  thus  enabled,  by  the  aid  of  the  plentiful  supply  of  water,  to  carry 
all  the  crushed  material  to  the  hopper  of  the  Cornish  rolls  B.  Here 
the  coarsely-crushed  rock,  together  tcith  all  such  as  is  already  fine 
enough  for  concentration,  is  once  more  crushed  between  the  (usually 
very  tightly  screwed-up)  rolls. 
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The  pernicious  effect  of  such  a  system  of  crushing,  for  any  kind 
of  ore,  will  be  evident  to  experts.  But  in  view  of  the  extreme  hard- 
ness of  the  flinty  portions  of  this  particular  ore,  and  the  exceedingly 
soft,  friable  character  of  the  blende  crystals  cementing  the  angular 
flint  masses,  this  wholesale  and  indiscriminate  treatment  is  doubly 
objectionable,  as  violating  the  first  p/inciples  of  concentration.  In 
the  blasting  and  breaking-down,  much  of  the  blende  has  been  already 
detached  from  the  flint-rock  in  the  mine,  and  comes  to  the  concen- 
tration-works mixed  in  the  "  fines,"  in  a  fit  state  for  concentration 
without  further  crushing.  All  such  material  fine  enough  for  imme- 
diate concentration  by  jigging  or  on  the  glirae-tables,  should,  of 
course,  never  pass  through  even  the  rock-breaker,  much  less  through 
tightly-set  rolls.  In  the  rock-breaker,  again,  much  blende  is  set 
free  from  adhering  flint,  and  crushed  fine  enough  to  need  no  further 
reduction.  There  should,  therefore,  also  be  a  sizing-apparatus  be- 
tween the  crusher  and  the  rolls  as  well  as  between  the  cul ling-platform 
and  the  crusher.  This  present  almost  universal  method  of  crushing 
produces  an  enormous  quantity  of  impalpable  blende  slime,  which  is 
absolutely  unfit  for  jigging,  and  difficult  to  treat  even  upon  slime- 
tables. 

After  passing  through  the  rolls,  the  crushed  material,  together 
with  plenty  of  water,  is  lifted  by  a  belt-elevator  C,  to  the  roughing- 
jig,  D,  usually  of  three  compartments,  with  sieves,  about  18  by  36 
inches  in  size,  made  of  8-mesh  or  10-mesh  steel  wire-cloth.  No 
classification  takes  place,  the  coarsest  and  finest  material  being  jigged 
together.  On  the  first  sieve  of  the  roughing-jig  the  coarsest  blende 
accumulates,  and  is  occasionally  drawn  off*,  when  the  bed  gets  too 
thick,  into  the  concentrate-bin.  The  concentrates  passing  through 
the  sieves  of  the  roughing-jig  are  hardly  ever  clean  enough  to  ship. 
They  are  sluiced  through  the  launder  E,  to  the  elevator  F,  which  con- 
veys them  into  the  finishing-jig  G.  This  is  set  opposite  the  rough- 
ing-jig, so  that  one  man  attends  to  both.  The  correct  speed  of  the 
jigs,  the  proper  height  of  the  stroke  of  the  plungers,  adjustable  by 
means  of  a  double  eccentric  on  each  plunger-stem,  and  the  adequate 
supply  of  the  clean  water  under  each  sieve,  together  with  a  steady 
and  regular  and  not  overcrowded  feed  of  the  crushing-machinery, 
and  thereby  of  the  jigs,  are  the  main  factors  in  the  production  of  a 
product  sufficiently  clean  to  meet  the  demands  of  the  ore-buyei-s, 
which,  as  I  have  already  said,  are  much  beyond  the  uecassities  of  the 
case.  So  far  as  the  quality  of  the  resulting  concentrates  is  concerned, 
the  work  of  these  concentrators  is  a  success.     Moreover,  if  we  con- 
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sider  only  the  amount  of  material  put  through  such  works  with  the 
small  amount  of  labor  and  fuel  required,*  the  process  may  be  con- 
sidered a  success,  as  it  is,  doubtless,  by  the  majority  of  the  mine- 
owners  at  Webb  City  to-day.  But  when  we  look  at  the  tailing-piles, 
and  see  the  vast  amount  of  good  blende  left  in  them  ;  when  we  fol- 
low the  course  of  the  water  flowing  from  these  concentration-works 
into  larger  streams,  and  see  everywhere  the  fine  blende  shining  golden 
yellow  in  a  bright  sunlight,  we  begin  to  doubt  the  success  of  a  method 
of  concentration,  which  on  an  average  wastes  certainly  not  leas  than 
one-third,  and  more  frequently  nearly  one-half,  of  the  ore  contained 
originally  in  the  crude  material  treated.  No  doubt  this  assertion  of 
losses  will  be  denounced  as  exaggerations  by  most  practical  miners 
in  Webb  City.  But  I  believe  a  fairly-conducted  test  will  demon- 
strate that  no  concentrating-works  near  Webb  City,  as  at  present 
conducted,  recovers  more  than  two-thjrds  (probably  much  less)  of 
blende  contained  in  the  original  mine-stuff  hoisted  to  the  surface. 

Very  little  slime-concentration  is  even  attempted  at  Webb  City, 
as  the  smelters  do  not  like  to  buy  slimes.  It  is  hardly  possible  with- 
out losses,  excessive  even  by  Webb  City  standards,  to  produce  slime- 
concentrates  sufficiently  pure  for  the  exacting  requirements  of  the 
local  smelters.  What  little  slime-concentrates  are  produced  (mostly 
by  hand  on  round  buddies  and  by  subsequent  treatment  of  the  ma- 
terial, thus  enriched,  on  an  old-fashioned  Kehrheerd)  are  bought  by 
the  smelters  at  a  heavy  discount  from  current  ore-prices,  say,  at  about 
three-fifths  of  the  price  of  the  jig-concentrates.  The  amount  of  slime- 
concentrates  recovered  is,  however,  so  very  small,  that  we  are  justi- 
fied in  stating  broadly,  that  the  immense  quantity  of  rich  blende 
slimes  produced  by  the  irrational  crushing  of  the  ore  is  at  present 
irretrievably  lost  to  the  ore-production  of  this  region. 

A  more  rational  method  of  concentrating  would  require  in  the  first 
place  a  rational  method  of  crushing.  None  of  the  particles  of  ore 
already  fine  enough  for  jig-concentration  ought  to  be  subjected  to 
crushing,  at  least  not  before  the  clean  blende  ore  contained  in  it  had 
been  first  recovered  by  jigging,  and  the  slimes  separated.  The 
coarser  middlings  from  the  concentrating-machines,  would,  of  course, 

*  Per  shift  of  12  hours  ;  one  engineer,  who  also  tends  to  the  pumping,  and  does 
nis  own  firing ;  one  jigger,  one  crusher-feeder,  one  culler.  To  these  may  be  added 
one  engineer  for  the  steam-hoister,  and  one  man,  who  lands  the  mine-tubs,  runs 
them  to  the  culling-platform  and  dumps  them.  These  are  usually  all  the  "top 
men  "  occupied  above-ground,  with  probably  5  or  6  underground  men  per  shift,  for 
a  production  of  30  tons  of  concentrating-stuiF  per  shift. 
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have  to  be  subjected  to  crushing,  so  as  to  free  the  blende  contained 
in  them  from  the  adhering  gangue.  No  extensive  classification  into 
different  sizes  need  be  employed.  But  it  certainly  would  diminish 
losses  if  the  concentrating-stuff  were  separated  at  least  into  three 
groups  :  gravel,  sand  and  slimes,  and  each  group  were  treated  on 
those  machines  best  adapted  to  its  requirements.  Such  improved 
concentration-plants  would,  of  course,  require  more  machinery  and 
better  skilled  management,  than  the  present  of  equal  capacity.  But 
the  losses  inherent  in  the  present  system  are  so  large,  that  the  erec- 
tion of  custom-works  of  improved  pattern  would  be  a  paying  invest- 
ment, not  only  to  the  parties  erecting  them,  but  also  to  the  miners 
who  might  have  their  output  treated  in  such  works.  By  building 
works  of  large  capacity,  the  cost  of  concentrating  per  ton  of  crude  ore 
would  be  only  slightly  above  present  figures,  while  the  greater  pro- 
duction of  concentrates  from  the  same  grade  of  rock  would  be  ample 
to  secure  a  large  profit  to  the  owners  of  the  works,  besides  better 
returns  and  less  annoyance  to  the  miners. 

IX,  General  Remarks  and  Recommendations. 

The  necessary  reforms  in  mining  and  concentrating  these  zinc- 
ores  have  been  indicated  in  the  foregoing  pages ;  and  mention  has 
been  made  of  the  principal  deeper  causes  of  present  evils — namely,  the 
system  of  mining  under  sub-leases,  and  the  custom  of  selling  to  pur- 
chasers who  dictate  unnecessarily  severe  requirements  as  to  the 
product.  It  has  been  shown  also  incidentally,  that  the  great  diffi- 
culty in  the  way  of  needed  reforms  is  the  division  of  interests.  The 
land-owner  does  not  realize  the  loss  which  he  does  not  have  to  pay 
in  money  ;  the  temporary  lessee  does  not  care  for  the  ruin  which  he 
may  leave  behind,  when  his  operation  is  over,  and  he  has  departed, 
leaving  no  "fixed  capital  "  behind,  to  enter  upon  some  new  adven- 
ture; the  smelter  does  not  care  how  much  of  other  people's  ore  is 
wasted,  so  long  as  he  can  get  a  sufficient  supply  of  the  grade  he 
likes  best.  But  the  time  is  coming  rapidly,  when  the  pressure  of 
altered  circumstances  will  enforce  less  selfish  and  narrow  views.  It 
is  only  a  ])ity  that  so  much  irrej^arabie  waste  should  go  on  mean- 
while. 

Probably  the  consolidation  of  interests  would  do  for  this  region 
what  it  did  for  the  anthracite-regions,  so  disastrously  affected  up  to 
a  few  years  ago,  by  the  operations  of  individual  lessees.  So  far  as 
the  relations  between  the  miners  and  smelters  are  concerned,  the 
practicable  present  remedy  would  seem  to  be  a  federation  of  the  ore- 


ANCIENT   METHOD    OF   SILVER-LEAD    SMELTING    IN    PERU.       25 

producers  with  sufficient  capital  to  erect  and  operate  large  smelting- 
works.  Such  a  combination,  if  it  included  improved  methods  of 
mining  and  concentration,  as  well  as  of  metallurgical  treatment, 
could  realize  larger  profits  (and  divide  them  more  fairly  among  all 
parties  concerned)  than  accrue  from  the  present  cut-throat  system, 
or  lack  of  system,  while  at  the  same  time,  it  could  utilize  for  man- 
kind a  much  larger  proportion!  of  the  natural  wealth  of  this  region, 
and  prolong  for  years  of  future  prosperity  an  industry  now  rapidly 
destroying  itself.  This  is  not  the  place  to  enter  upon  the  details  of 
such  a  commercial  scheme;  but  I  may  be  permitted  to  say  that  it 
would  be,  in  my  judgment,  as  feasible  and  as  profitable  as  it  would 
be  beneficent. 
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BY  OTTO  F.   PFORDTE,  JERSEY  CITY,  N.  J. 
(Baltimore  Meeting,  February,  1892.) 

Although  the  subject  has  no  practical  bearing  on  the  metallurgy 
of  the  present  day,  it  may  not  be  entirely  uninteresting  to  note  how 
the  art  of  silver-lead  smelting  has  been,  and  in  a  few  remote  districts- 
of  Peru  is  still  practiced  by  an  old  method,  and  under  conditions- 
widely  different  from  our  own. 

The  subject  will  be  considered  under  the  following  subdivisions,, 
viz. :  The  general  conditions ;  construction  and  plan  of  furnaces ;, 
fuels  and  ores;  method  of  working;  furnace  products  and  slags. 

The  mineral  region  of  Peru  varies  in  altitude  from  10,000  to  16,- 
000  feet  above  sea-level,  comparatively  few  mines  being  located, 
above  or  below  these  limits.  The  timber-line  in  the  valleys  is  at 
about  12,000  feet  altitude  on  the  western  slope  of  the  mountains,, 
and  even  there  the  supply  of  wood  is  not  sufficient  to  be  utilized  as 
fuel  for  furnaces.  The  sides  of  the  mountains  are  either  bare  or 
covered  with  a  hard  bushy  grass,  which  is  most  luxuriant  during 
the  latter  part  of  the  rainy  season,  from  February  to  April. 

Agriculture  on  the  western  slope  rarely  reaches  above  12,000  feet, 
while  on  the  eastern  slope  its  limit  is  at  14,000  feet;  and  in  either 
case  the  height  named  is  reached  only  in  sheltered  places. 

Transportation  is  slow,  being  carried  on  mainly  by  llamas,  don- 
keys and  mules ;  the  former  (taking  100  pounds  at  a  load)  are  almost 
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exclusively  used  for  carrying  ores  ;  the  latter  for  agricultural  pro- 
ducts, merchandise  and  travellers.  The  cost  of  transportation  has 
prevented,  and  in  many  localities  still  prevents,  lead  and  copper 
from  being  exported,  thus  influencing  very  perceptibly  the  mode  of 
smelting. 

The  furnaces,  called  by  the  natives  pachamanca*  furnaces,  are 
constructed  in  the  shape  of  a  small  reverberatory,  with  a  shallow 
basin  like  that  of  a  cupelling-furnace.  The  accompanying  sketch 
from  the  new,  nearly  completed  furnace  of  Senor  Vila  in  Cerro  de 
Pasco  fairly  represents  their  general  construction,  apart  from  small 
variations  of  size,  made  according  to  the  requirements  of  the  smelter. 

The  material  used  consisted  of  any  fire-proof  rock  found  in  the 
region,  and  clay  for  the  lining,  while  the  outer  parts  were  built  of 
ordinary  stone  and  a  crude  mortar  made  of  burnt  lime  and  sand. 

To  replace  the  wooden  centers  necessary  for  constructing  the  arch, 
the  furnace  was  built  up  to  the  spring  of  the  arch,  then  filled  with 
sand,  the  upper  surface  of  which  was  formed  to  the  required  curve, 
which  was  generally  quite  flat.  The  arch  was  then  completed,  and 
after  it  had  duly  settled,  the  sand  was  drawn  out.  Sometimes,  when 
good  clay  was  at  hand,  bricks  were  used  in  the  construction.  The 
chimney,  10  to  18  feet  high,  was  generally  made  of  adobes,  and  the 
entire  furnace  was  enclosed  in  an  adobe  house  with  a  thatched  roof, 
the  timbers  for  which,  brought  from  the  wooded  regions,  formed  the 
most  costly  part  of  the  house.  Sometimes  advantage  was  also  taken 
of  overhanging  rocks  for  protecting  the  furnace  partly  or  entirely. 
The  doors  and  dampers  were  formerly  made  of  flat  stones,  but  now 
sheet-iron  is  often  used.  The  furnace-tools  were  few  and  simple, 
consisting  of  a  poker,  a  scraper,  a  rabble  and  a  paddle-shaped  spafula 
for  withdrawing  litharge  in  cupellation. 

The  fuels  consisted  mainly  of  dried  llama-dung,  called  taquia, 
gathered  by  the  Indians  during  the  dry  season  and  placed  under 
shelter.  Sufficient  heat  can  be  produced  with  it  to  roast  and  smelt 
ores.     It  is  generally  fed  in  such  a  manner  that  a  small  quantity  is 


*  This  name  is  a  convpound  of  the  Qiiicliua  words  pacha,  one  meaning  of  which 
is  "  place"  and  manca,  which  means  "earthen  pot;"  so  that  the  idea  of  "  pot  in 
place  "  or  ''  place  of  the  pot"  is  easily  deduced. 

The  Indian  origin  of  the  name  and  the  fact  that  tlie  old  Inca  race,  in  pre-Spanish 
times,  was  familiar  with  the  production  and  use  of  gold,  silver,  copper,  tin,  and 
lead,  would  indicate  that  a  crude  furnace  of  this  character  was  known  to  them  and 
that  after  the  conquest  it  was  adopted  by  the  Spaniards,  who  have  used  it  down  to 
the  present  day. 
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constantly  being  thrust  rapidly  through  the  fire-door  with  a  thin 
board  or  sheet  of  tin  ;  this  operation  having  also  the  advantage  of 
producing  at  the  same  time  a  slight  draft.  In  some  localities,  where 
coal  or  bituminous  shale  can  be  had  cheaply,  as  in  Cerro  de  Pasco, 
it  is  used  with  advantage.  Wood  as  a  fuel  is  out  of  the  question, 
on  account  of  its  great  cost.  The  fires  were  generally  started  with 
dried  grass,  and,  when  necessary,  were  kept  low  for  a  long  time  by 
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covering  the  embers.  As  the  furnaces  have  no  grates  the  fuel  re- 
mains as  a  glowing  mass  in  the  fire-place,  the  heat  rapidly  igniting 
most  of  the  fine  iaquia  before  it  falls  to  the  bottom. 

The  ore  principally  used  was  galena,  generally  assaying  37  to  95 
ounces  of  silver  per  ton  (a  fair  average  would  be  50  ounces  per  ton), 
and  from  35  to  55  per  cent,  of  lead.  Gray  copper  was,  however, 
used   very   largely,  assaying  at  different   mines  and   with  varying 
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degrees  of  care  in  sorting,  85,  158,  177,  240,  315,  and  630  ounces 
respectively;  the  first  three  figures  being  the  most  compion,  while 
the  others  can  only  be  attained  in  a  few  places,  and  with  very  careful 
work.  Ruby-silver  and  native  silver,  as  well  as  argentite,  were  of 
course  utilized  whenever  they  were  available.  It  is  probable  that 
the  upper  portions  of  the  old  mines  which  were  largely  worked  by 
the  Spaniards  before  the  War  of  Independence  in  Peru  in  1822, 
contained  the  richer  and  more  highly  oxidized  ores,  thus  facilitating 
extraction  considerably. 

In  working  a  new  furnace,  it  was  first  air-dried  ;  then  the  fire  was 
started,  and  a  gradually  increasing  heat  was  kept  up  from  three  to 
four  days,  after  which  the  first  charge,  consisting  of  100  to  125 
pounds  of  lead  or  litharge,^  was  melted  and  reduced,  and  allowed  to 
soak  into  the  bed  of  the  furnace.  Then  two  to  three  charges,  weigh- 
ing about  400  pounds  each,  and  consisting  mainly  of  easily-fused 
material,  such  as  lead  carbonate  or  litharge,  were  reduced  ;  after 
which  the  regular  charges  of  500  to  600  pounds  of  ore  were  given. 
The  crushed  ore  would  mostly  pass  a  f -inch  screen,  a  few  pieces,  per- 
haps, remaining  on  af-inch  screen.  Oxidized  ores  were  immediately 
slagged  with  a  strong  fire,  while  sulphide  ores  were  charged  at  low 
heat,  spread  uniformly  over  the  bed  and  roasted,  sintering  being 
carefully  avoided.  Then  stronger  heat  was  given,  and  the  charge 
was  slagged.  Both  operations  together  required  about  four  hours. 
The  slag  was  then  drawn  and  the  lead  was  cupelled,  this  process 
taking  from  seven  to  eight  hours.  With  poor  charges,  several  smelt- 
ings  were  madeto  onecupellation.  In  the  latter  process  the  litharge 
was  not  generally  permitted  to  flow  from  the  furnace,  but  was  allowed 
to  form  on  the  paddle-shaped  spatula  above  mentioned,  which'was 
then  withdrawn  and  allowed  to  cool.  The  litharge  was  knocked 
off  and  saved.  When  cupellation  was  completed,  the  furnace  was 
cooled  a  little,  and  the  solidified  bullion  was  removed.  Artificial 
draft,  excepting  that  produced  by  the  chimney  and  in  adding  the 
fuel,  was  not  used. 

Of  the  furnace-products,  traces  of  the  silver  bullion  have  been 
found  on  pieces  of  hearth  in  old  slag-dumps.  The  litharge  was 
utilized  in  the  reduction  of  rebellious  charges  or  in  starting  new  fur- 
naces, and  is,  therefore,  comparatively  rare,  though  the  yellow  and 
red  litharge  can  readily  be  distinguished  when  present.  Although  no 
examples  of  the  formation  of  copper-  and  iron-mattes  have  come  to 
the  writer's  notice,  there  can  be  little  doubt  that  they  were  occasion- 
ally formed,  and  were  re-treated  like  sulphide  ores.     One  instance  of 
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the  intentional  formation  of  lead-matte  has  been  noted  in  a  new  fur- 
nace. The  object  was  simply  the  concentration  of  the  ore  for  the 
reduction  of  the  freight-charges.  An  assay  of  this  matte  is  given 
below. 

In  some  of  the  old  dumps  small  pieces  of  lead  bullion  and  metallic 
copper  have  been  found ;  but  these  can  only  be  considered  as  acci- 
dental by-products,  being  practically  worthless  under  the  conditions 
of  working,  except,  perhaps,  as  to  small  quantities  for  domes- 
tic use. 

The  slags  are  the  most  interesting  and  abundant  remains  of  these 
old  works.  They  were  thrown  on'  the  dump  regardless  of  the  high 
quantity  of  lead  they  contained,  and  serve  to  indicate  the  quality 
and  quantity  of  the  work  done.  In  age,  they  differ  considerably,  as 
in  some  places  the  furnaces  are  working  at  the  present  time,  while  in 
others  no  trace  of  the  building  remains,  and  only  the  slag-dump 
marks  the  site  of  former  activity  ;  and  again,  in  some  localities, 
successive  furnaces  have  been  constructed  on  the  ruins  of  earlier 
ones,  the  latest  often  being  in  a  fair  state  of  preservation.  Hence, 
of  these  dumps,  some  are  quite  modern  ;  others  are  from  thirty  to 
forty  years  old ;  many  antedate  the  stoppage  of  operations  at  the 
Revolution,  seventy  years  ago;  and  the  age  of  some  of  them  can 
safely  be  estimated  at  one  hundred  and  fifty  years. 

Of  the  numerous  localities  in  which  smelting  has  been  done,  only 
a  few,  which  were  personally  observed,  will  be  mentioned  here,  viz., 
Yauli,  Bellavista  at  Chicla,  Cerro  de  Pasco,  Humanrauca  Vinchos, 
Yisco,  Huayro-Cancha,  Morococha,  and  Santo  Domingo. 

The  slag-dumps  vary  considerably  in  size,  according  to  the  amount 
of  work  done.  In  some  localities  they  have  been  covered  up  with 
debris  or  carried  off  by  freshets.  In  many  instances  only  a  few  tons 
were  seen ;  in  others,  possibly  10,000  tons;  very  rarely  more  than 
20,000,  and  in  but  one  case  100,000  tons. 

Some  years  ago  the  attention  of  the  neighboring  miners  was  called 
to  the  value  of  these  slags,  arid,  in  consequence,  the  dumps  were 
taken  up  as  mining  claims.  In  some  places  where  large  dumps 
exist  and  fuel  is  cheap,  furnaces  have  been  constructed  for  reducing 
them,  either  alone. or  in  connection  with  silver-ores. 

The  general  character  of  the  slags  is  nearly  the  same  in  the  dif- 
ferent regions,  the  most  common  being  a  hard  solid  slag,  having  a 
stony-gray  color.  There  are  also  three  brittle  classes,  respectively 
glassy-black,  dull-black,  and  brownish-red  ;  the  latter  the  rarest  in 
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occurrence  and  highest  in  lead,  being  probably  the  last  slag  drawn 
before  cupellation. 

In  furnaces  now  working,  an  orange-yellow  slag  is  often  produced. 
It  is  unusual  for  slags  to  be  porous,  and  they  are  then  only  of  the 
first-class  above  mentioned  ;  and  it  is  still  rarer  to  find  particles  of 
raw  galena  in  the  slag.  Assays  of  some  of  the  slags  gave  the  fol- 
lowing results  : 


SUver. 

Lead. 

ality.                                                                        No. 

Ozs.  per  ton. 

Per  cent 

A, 1 

5. 

53.5 

B,         .         .        . 

.    2 

42. 

B,        .        .        . 

.    3 

4.5 

43. 

B,        .        .        . 

.    4 

trace. 

55.7 

C,         ... 

.     5 

5. 

37. 

C,        .       .       . 

.    6 

4.5 

34. 

D.        .        .        . 

.     7 

2. 

51. 

D,        .        .        . 

.    8 

2.5 

57.3 

D,        .        .        . 

.    9 

6.1 

58.2 

Of  Nos.  2  and  3  a  rough  analysis  was  made  to  determine  the  iron 
oxide  and  silica,  which,  with  the  lead,  constitute  over  90  per  cent,  of 
the  slag ;  the  remainder,  consisting  of  sulphur  and  lime,  was  not 
determined.     The  lead  is  taken  from  the  assay  : 

No.  2.  No.  3. 

Per  cent.  Per  cent. 

SiO^ 12.  12.5 

FeA. 37.8  38. 

Pb, 42.  43. 


In  other  products  the  following  results  were  obtained  : 

Silver. 
No.  Ozs.  per  ton. 

10,  litharge, 3.5 

11,  lead  bullion, 54. 

12,  copper  bullion, 1. 

13,  lead-matte, .  134.2 


Lead. 
Per  cent. 


67.5 


These  few  remarks,  though  very  far  from  being  exhaustive,  will 
at  least  serve  to  give  some  idea  of  the  system  of  smelting  employed 
by  the  Spaniards  in  Peru. 
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ILUOBSPAB-BEPOSITS  OF  SOUTH EEN  ILLINOIS. 

BY  S.    F.    EMAIONS,    WASHINGTON,    D.    C. 
(Baltimore  Meeting,  February,  1892.) 

There  is,  in  the  southern  part  of  the  State  of  Illinois,  a  series  of 
deposits  of  fluorspar  and  galena  in  which  the  former  mineral  occurs 
on  a  scale  of  magnitude  unequalled,  so  far  as  I  know,  in  any  other 
part  of  the  world.  In  June,  1891,  I  had  an  opportunity  of  visiting 
the  region  of  their  principal  development,  near  Rosiclare,  Hardin 
county.  111.,  and  examined  such  of  the  mines  in  the  vicinity  as  were 
accessible  at  that  time.  A  very  large  proportion  of  the  mining  shafts 
that  had  been  sunk  in  this  region  were  unfortunately  abandoned  for 
the  time  being,  and  full  of  water.  Moreover,  detailed  maps  of  the 
region  are  unattainable,  no  surveys  having  been  made  there,  appa- 
rently, since  the  original  land-surveys  of  the  early  part  of  the  cen- 
tury. In  spite  of  these  disadvantages  I  was  enabled,  in  the  few  days 
at  my  disposal,  to  ascertain  with  sufficient  accuracy  certain  facts  not 
hitherto  published  with  regard  to  these  deposits,  which  seem  worthy 
the  attention  of  the  members  of  the  Institute. 

Before  proceeding  to  a  description  of  the  deposits  in  question,  I 
will  give  a  brief  abstract  of  the  little  historical  and  geological  in- 
formation bearing  directly  or  indirectly  upon  them,  which  I  have 
been  able  to  find  in  existing  publications. 

Historical. 

That  the  mineral  was  known  to  the  Indians,  is  proved  by  the  dis- 
covery, in  some  of  the  pre-historic  mounds  of  the  region,*  of  fluor- 
spar, shaped  into  ornaments.  The  earliest  scientific  mention  of  its 
occurrence  is  found  in  the  first  volume  of  the  American  Journal  of 
Science  (ISlSf),  which  describes  specimens  obtained  in  the  vicinity 
of  Shawneetown  by  Mr.  Joseph  Baldwin.  Similar  notices  appear 
in  the  same  journal  in  1820  and  1821, J  but  without  mention  of  the 
exact  locality.  They  remark  on  the  foetid  odor  which  characterizes 
the  mineral  and  its  association  with  galena. 

Schoolcraft,  as  early  as  1819,§  notes  the  occurrence  of  fluate  of 

*  G.  F.  Kunz  in  Mineral  Resources  of  the  United  States,  for  1882,  Washington, 
1883,  p.  497.  t  Amer.  Jour.  Sci.,  vol.  i.,  1818,  p.  62. 

X  Amer.  Jour.  Sci.,  vol.  ii.,  1820,  p.  176;  vol  iii.,  1821,  p.  367. 

§  A  View  of  the  Lead-Mines  of  Missouri,  by  Henry  R.  Schoolcraft,  New  York, 
1819,  p.  191. 
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lime  about  3  miles  back  of  Cave-in-rock  on  the  Ohio,  15  miles  below 
Shawneetown  (probably  near  the  point  marked  on  the  map  as  Lead 
Hill),  and  associated  with  galena,  blende,  and  pyrites.  He  says  it  is 
imbedded  in  a  stiff  red  clay,  resting  on  limestone,  but  that  no  com- 
pact vein  of  it  has,  as  yet,  been  discovered.  In  his  description  of 
his  journeying  through  the  Mississippi  valley  in  1821,*  on  a  scien- 
tific exploration  for  the  government,  he  speaks  of  visiting  abandoned 
lead-diggings  at  the  same  locality  where  galena  and  fluorspar  had 
been  obtained  from  an  oolitic  limestone,  but  regards  the  mineral 
found  in  the  clay  as  "  the  detritus  of  pre-existing  veins." 

In  Cleaveland's  Mineralogy  (second  editionf),  under  "  foetid  fluate 
of  lime,"  these  minerals  are  said  to  occur  in  the  alluvial  soil,  and 
sometimes  in  veins  in  limestone,  at  the  three  Forks  of  Grand  Pierre 
creek  (on  the  eastern  border  of  Pope  county),  on  Peter's  creek  (17 
miles  from  Shawneetown),  and  for  30  miles  southwest  from  Cave- 
in-rock. 

Prof.  George  J,  Brush,  in  1852,J  visited  southern  Illinois  in  search 
of  fluorspars  supposed  by  mineralogists  to  come  from  Shawneetown. 
At  this  place  he  found  nothing,  but  continued  further  down  the  river 
and  visited  the  mines  that  had  been  opened  near  Rosiclare.  He  notes 
the  foetid  character  of  some  of  the  fluorspar,  and  that  the  galena  is 
argentiferous,  his  specimens  yielding  four  ouncesof  silver  to  the  ton. 
"  An  immense  amount  of  remarkably  fine  quality  of  fluorspar,"  he 
remarks,  "could  be  obtained  from  these  veins  should  there  be  a  de- 
mand for  it  in  the  arts." 

A.  H.  Worthen,  in  the  Illinois  reports, §  publishes  notes  of  Dr. 
J.  G.  Norwood  upon  the  Rosiclare  lead-mines,  which  came  into  his 
possession  on  his  assuming  charge  of  the  Illinois  Survey  in  1858. 
From  these  it  appears  that  galena  and  fluorspar  were  first  discov- 
ered in  this  region  by  the  sinking  of  a  well  on  the  Anderson  prop- 
erty at  Fairview,  in  1839.  A  second  well,  sunk  near  by  in  1841, 
found  the  same  minerals,  proving  the  existence  of  a  vein,  which  has, 
however,  never  been  systematically  worked.  In  1842-43,  mining 
was  first  actually  commenced,  as  the  result  of  a  discovery,  by  a  Mr. 
Harrison,  of  galena  and  spar  on  the  property  of  William  Pell,  back 
of  and  to  the  northwest  of  the  town  of  Rosiclare.     Subsequently, 

*  Travels  in  the  Central  Portions  of  the  Mississippi  Valley,  by  Henry  R.  School- 
craft, U.  S.  I.  A.,  New  York,  1825,  pp.  189-197. 

t  An  Elementary  Treatise  on  Mineralogy  and  Geology,  by  Parker  Cleaveland,  second 
edition,  Boston,  1822,  p.  202. 

X  Amer.  Jour.  Sci.,  2d  sen,  vol.  xiv.,  July,  1852,  p.  112. 

^  Economical  Geology  of  Illinois,  vol.  i.,  Springfield,  111.,  1882,  p.  309. 
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James  T.  Barbour  leased  Anderson's  property ;  commenced  mining 
on  the  Blue  lode,  some  350  yards  to  the  west  of  the  Harrison  dig- 
gings on  the  Pell  lode;  and  later  sunk  several  shafts  on  the  southern 
continuation  of  the  latter  lode,  the  most  important  of  which  was  the 
Good  Hope  shaft,  commenced  in  1847.  The  two  properties,  the 
Anderson  (now  Mullins)  and  the  Pell  or  Posiclare,  have  been  worked 
independently  ever  since,  each  having  several  times  changed  hands. 
According  to  Norwood,  work  was  suspended  in  1850,  and  Whitney* 
speaks  of  the  mines,  ten  years  later,  as  "not  worked  at  present." 

I  find  no  printed  record  of  the  subsequent  history  of  mining  in 
the  region,  and  those  at  present  working  there  have  only  a  hearsay 
knowledo;e  of  what  has  been  done.  The  effects  of  the  civil  war  and 
the  fall  in  the  price  of  lead  both  exercised  an  unfavorable  influence, 
but,  from  what  can  be  seen  there  now,  it  is  evident  that  bad  manage- 
ment and  ignorance  of  proper  methods  of  mining  have  been  im- 
portant factors  in  retarding  the  systematic  development  of  the  region. 
Much  money  has  evidently  been  spent  ill-advisedly,  and  resulting 
financial  disaster  has  discouraged  capitalists.  The  mines  were  origi- 
nally worked  for  lead  alone,  the  fluorspar  having  little  commercial 
value.  Of  late  years  these  conditions  have  been  reversed;  an  in- 
creasing market  for  fluorspar  as  a  flux  in  smelting  and  for  glass- 
making  has  been  developed ;  and  during  the  past  decade  the  mines 
have  been  worked  primarily  for  the  spar,  the  lead-product  being  of 
comparatively  subordinate  amount.  As  compared  with  the  galena 
of  other  parts  of  the  Mississippi  valley  region,  it  is  exceptional, 
however,  as  containing  a  small  but  persistent  amount  of  silver, — 
from  2  or  3  up  to  9  ounces  per  ton.f 

No  records  were  obtainable  of  the  actual  production  in  this  period, 
but  the  local  estimates  for  the  year  1890  were  from  12,000  to  20,000 
tons,  which  exceeds  that  given  in  3Iineral  Resources  of  the  United 
States  for  the  whole  country.  As  will  be  seen  later,  the  product 
could  readily  be  increased  to  many  times  that  amount. 

Mining  has  been  carried  on  in  a  still  more  desultory  way  in  the 
adjoining  counties  of  Livingston,  Crittenden,  and  Caldwell,  in  Ken- 
tucky, as  described  by  Norwood. | 

The  accompanying  map  (Fig.  1),  which  is  a  compilation  from  the 
Land  Office  map  of  Illinois,  and  from  Norwood's  map  of  the  Ken- 

*  Report  of  a  Geological  Survey  of  the  Upper  Mississippi  Lead- Region,  by  J.  D. 
Whitney  (made  in  1859-60),  Albany,  1862,  p.  205. 

t  In  Whitney's  report,  an  assay  of  Rosiclare  galena,  by  Chandler  and  Kimball, 
yielded  8J  ozs.  Ag.  per  ton. —  Op.  cit,  p.  199. 

X  Kentucky  Geological  Survey,  new  series,  vol.  i.,  1876,  pp.  449-493. 
VOL.  XXI. — 3 
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tucky  lead-region,  shows  roughly  the  distribution  of  the  known 
localities  of  galena  and  fluorspar. 

Geological  Horizon. 

The  deposits  of  fluorspar  and  galena  of  Hardin  county,  Illinois, 
occur  in  the  limestones  which  underlie  the  coal-measures  of  the 
States  bordering  on  the  Ohio  river.  The  productive  coal-measures, 
on  account  of  their  economical  importance,  have  been  more  care- 
fully studied  by  the  geologists  of  Illinois,  Indiana,  and  Kentucky, 
than  the  underlying  beds,  and  there  seems  to  be  still  some  uncer- 
tainty in  their  minds  as  to  the  exact  horizon  of  the  series  of  rocks, 
principally  limestones,  which  form  a  semi-circular  outcrop  around  the 
southern  end  of  the  Illinois-Indiana  coal-basin  in  its  extension  across 
the  Ohio  river  into  Kentucky.  The  bottom  of  this  coal-basin  is 
formed  by  a  series  of  sandstones  and  conglomerates,  with  a  certain 
amount  of  intercalated  argillaceous  shales.  In  other  words,  the  for- 
mation of  the  coal  was  preceded  by  a  general  shallowing  of  the 
ocean  waters,  during  which  the  sedimentation  consisted  largely  of 
sands  and  gravels,  with  occasional  deposits  of  fine  mud.  Previous 
to  this  time,  the  sedimentation  had  been  going  on  in  deep  waters,  and 
the  resulting  deposits  were  mainly  limestones,  but  with  alternations 
of  more  or  less  arenaceous  or  argillaceous  beds.  The  relative  pre- 
dominance of  the  calcareous,  argillaceous,  or  arenaceous  material  in 
the  sediments  varied  greatly  in  relatively  short  distances,  so  that  it 
is  often  difficult  to  find  exact  lithological  corespondence  in  a  series 
of  outcrops  at  places  not  far  removed  from  each  other,  even  when 
the  fossils  contained  in  the  beds  indicate  that  they  must  have  been 
deposited  about  the  same  time.  Hence,  the  limestones  have  received 
local  names  from  the  places  where  they  are  best  developed  and  ex- 
posed, while  it  has  been  rarely  possible  for  geologists  to  recognize  at 
a  given  point  all  the  limestones  thus  named  which  might,  theoreti- 
cally, be  looked  for  there.  A  further  complication  results  from  the 
occurrence  of  an  orographic  movement  in  the  Mississippi  valley  at 
the  close  of  the  sub-carboniferous.  In  northern  Illinois,  Wisconsin, 
and  Iowa  the  coal-measures  rest,  unconformably,  upon  the  under- 
lying strata.  In  southern  Illinois  there  is  no  mention  of  any  an- 
gular uncomforraity  ;  but  it  is  very  possible  that  a  certain  amount 
of  erosion  took  place  here  before  the  coal-measures  were  deposited, 
which  would  account  for  the  local  absence  of  certain  beds  in  the 
series. 

The  following  is  the  column  of  Paleozoic  rocks  recognized  by  the 
Illinois  geologists  in  1882  : 


36 


FLUORSPAE-DEPOSITS   OF   SOUTHERN   ILLINOIS. 


Divisions. 

Thickness 
in  Feet. 

Sub-divisions. 

600 

to 

1000 

Coal  Measures  and 
Conglomerate. 

r 

Lower  Carboniferous. 
1 

500 
to 
800 

Chester  Group. 

50 
to 

200 

St.  Louis  Limestone. 

100 
to 
150 

Keokuk  Limestone. 

25 
to 
200 

Burlington  Limestone. 

100 
to 
150 

Kinderhook  Group. 

Devonian 

10  to  60 

Black  Slate. 

10  to  120 

Devonian  Limestone. 

40  to  60 

Oriskany  Sandstone. 

300 

to 

350 

Clear  Creek  Limestone. 

Upper  Silurian -{ 

I 

50 
to 
200 

Niagara  Limestone. 

Lower  Silurian  and  - 
Cambrian. 

60  to  140 

Cincinnati  Group. 

200 
to 
300 

Galena  and  Trenton 
Limestone. 

150 

St.  Peters  Sandstone. 

100 
to 
220 

Calciferous  or  Lower  Mag- 
nesian  Limestone. 
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The  Chester  group,  which  iramediately  underlies  the  conglomerate, 
generally  recognized  as  the  base  of  the  coal-measures,  consists  of  a 
series  of  shales,  both  argillaceous  and  calcareous,  with  a  considerable 
development  of  sandstones.  At  its  base  is  a  sandstone,  sometimes 
reaching  a  thickness  of  125  feet,  which  is  so  often  iron-stained  as  to 
be  known  as  the  ferruginous  sandstone.  The  three  limestones  below 
the  sandstone,  known,  from  the  localities  of  their  most  typical  de- 
velopment, as  the  St.  Louis,  Keokuk,  and  Burlington  limestones, 
each  have  a  maximum  development  of  200  feet.  Only  the  first  two 
have  been  recognized  in  southern  Illinois.  The  Kinderhook  group, 
a  series  of  grits  and  shales  with  thin,  irregular  limestones,  forms  the 
base  of  the  lower  Carboniferous  in  Illinois.  The  Kentucky  geolo- 
gists place  at  this  horizon  a  series  of  sandstones  and  shales,  200  to 
500  feet  thick,  which  they  denominate  the  Waverly  group. 

The  Devonian  in  Illinois,  which  is  not  always  recognized, consists 
of  shales,  in  part  bituminous,  at  the  top,  passing  Ihrough  limestones 
into  sandstones  at  the  base.  Of  the  upper  Silurian  limestones,  the 
Niagara  immediately  underlies  the  Devonian  in  northern  Illinois, 
and  is  apparently  wanting  in  southern  Illinois,  where  it  is  replaced 
by  the  Clear  Creek  group.  These  are  separated  from  the  Trenton 
or  Galena  limestone  of  the  lower  Silurian  by  the  sandstones  and 
calcareous  shales  of  the  Cincinnati  group. 

In  Kentucky,  to  which  the  geology  of  Hardin  county  seems 
more  closely  allied  than  to  the  distant  lower  Paleozoic  areas  of 
northern  Illinois,  there  is  given  a  thickness  of  only  about  200  feet  of 
beds  between  the  Waverly  or  Kinderhook  horizon  and  the  Trenton 
limestone. 

The  indications  afforded  by  the  State  reports  as  to  the  geological 
structure  of  the  area  represented  on  the  map  (Fig.  1)  are  somewhat 
indefinite.  In  general,  it  is  considered  as  an  area  of  lower  or  sub- 
Carboniferous,  rising  to  the  west  and  south  from  beneath  the  coal- 
basin  lying  to  the  east  and  north.  The  irregular  dotted  line  around 
the  upper  part  of  the  map  (A  B  D  C)  represents  the  limits  given  to 
the  conglomerate  at  the  base  of  the  coal  measures.  Beyond  this,  to 
the  east  and  north,  are  the  lower  coal-measures,  dipping  east  and 
north,  while  in  the  northwest  corner  of  the  map  a  ridge  east  of  Grand 
Pierre  creek  is  capped  by  conglomerate,  possibly  a  relic  of  the  over- 
lying coal-measures  which  had  escaped  erosion.  Over  the  rest  of 
the  area,  in  Illinois,  the  outcrops  which  have  been  recognized  are 
found  to  belong  to  the  lower  Carboniferous,  with  the  exception  of 
a  very  limited  area  2|  miles  northeast  of  the  Illinois  furnace  in 
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Hardin  county,  where  are  20  to  25  feet  of  black  slates,  supposed  to 
be  Devonian,  overlaid  by  40  to  50  feet  of  thin-bedded  grit-stones, 
which  have  been  assigned  to  the  Kiuderhook  group. 

The  country  is  somewhat  broken,  and,  in  great  measure,  deeply 
covered  with  soil.  The  most  continuous  exposures  are  along  the 
north  bank  of  the  Ohio. ,  In  going  down  stream,  the  conglomerate 
disappears  f  of  a  mile  below  Battery  Rock ;  then  the  limestones, 
shales,  and  sandstones  of  the  Chester  group  extend  several  miles 
down  the  river,  succeeded  by  the  St.  Louis  and  Keokuk  lime- 
stones, all  dipping  gently  east.  Near  Elizabethtown  is  a  low  anti- 
clinal arch  in  the  Keokuk  limestone,  beyond  which  the  same  series 
of  beds  are  found  in  a  reversed  order,  dipping  gently  west.  These 
limestones  form  low  bluffs,  rising  50  to  100  feet  above  the  ordinary 
surface  of  the  river,  and  afford  good  sections  of  successive  series  of 
beds;  but  the  estimate  of  aggregate  thickness,  given  by  the  Illinois 
geologists  as  300-400  feet,  is  rendered  somewhat  uncertain  by  the 
evidence  of  considerable  faulting,  especially  in  the  intervals  between 
bluff-exposures,  generally  valleys  of  small  tributaries,  where  the 
peculiar  red,  clayey  soil  covers  the  rocks  to  a  considerable  depth. 
Between  Rosiclare  and  Fairview  is  the  highest  bluff  for  some  dis- 
tance along  the  river,  which  presents,  in  section,  a  series  of  lime- 
stones capped  by  a  massive  sandstone,  for  which  Engelmann*  gives 
the  following  thicknesses : 

Feet. 

1.  Quartzose  sandstone,  capping  the  hill, 35 

2.  Brown  and  gray  argillaceous  limestone, 50 

3.  Shale, 10 

4.  Limestone  similar  to  bed  above,        ......     52 

5.  Sandstone,  thin-bedded  and  highly  ferruginous,       .         .         .12 

6.  Lower  St.  Louis  limestone,  gray,  massive,  partly  oolitic,  .     52 

211 

Beds  1  to  5  Engelmann  considers  to  be  the  lower  part  of  the 
Chester  group,  but  remarks  that  the  upper  sandstone  resembles  the 
conglomerate  sandstone  at  the  base  of  the  coal-measures.  It  does 
not  appear  why  he  considers  the  immediately  underlying  limestone 
to  be  the  lower  part  of  the  St.  Louis  limestone,  nor  is  it  important 
for  the  purposes  of  this  paper. 

Below  Fairview,  the  St.  Louis  limestone  is  said  to  disappear 
below  the  surface,  and  the  north  and  south  ridge  which  crosses  the 

*  Illinois  Reports,-  vol.  i.,  p.  297. 
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river  just  above  its  bend  at  the  Pope  county-line,  to  consist  of  beds 
(probably  sandstone)  of  the  Chester  group. 

In  general,  in  Hardin  county,  limestones  are  said  to  occupy  the 
principal  area  near  the  river,  sandstones  capping  the  more  promi- 
nent hills  and  ridges;  as  one  goes  north,  sandstones  cover  ever-in- 
creasing areas,  the  limestones  being  confined  to  the  deeper  valleys, 
until  at  the  conglomerate  line  they  entirely  disappear.  The  Illinois 
geologists  do  not  seem,  however,  to  see  the  necessity  of  any  faulting 
to  account  for  the  position  of  the  different  beds. 

In  Kentucky,  Norwood  remarks  on  the  fact  that,  in  Livingston 
and  Crittenden  counties,  almost  all  the  prominent  ridges,  some  of 
which  rise  400  to  500  feet  above  the  river,  are  capped  by  sandstones 
or  conglomerates.  As  coal-seams  are  found  with  some  of  the  con- 
glomerates, it  is  evident  they  must  represent  patches  of  the  lower 
coal-measures  which  have  escaped  erosion.  On  the  other  hand,  St. 
Louis  limestones  are  found  in  such  close  juxtaposition  as  to  suggest 
an  extensive  fracturing  and  faulting  of  the  district,  a  fact  which  he 
fully  recognizes,  and  of  which  he  brings  other  indisputable  evidence 
from  the  phenomena  of  the  ore-deposits.  For  instance,  at  the  Royal 
mines  sandstone  forms  one  wall  of  the  vein  and  limestone  the  other 
for  150  feet  from  the  surface,  below  which  limestone  occurs  on  both 
walls,  showing  a  minimum  of  150  feet  of  displacement.  Striations 
on  the  walls  and  dragged-in  fragments  of  wall-rock  are  other  evi- 
dences mentioned,  though,  like  many  of  the  earlier  geologists,  Nor- 
wood fails  to  appreciate  the  importance  of  the  latter  phenomenon. 

He  recognizes,  from  his  own  observations,  two  principal  lines  of 
fracture,  running  nearly  parallel, — the  Latrobe  and  Excelsior 
k)des,— striking  N.  50°  to  57°  E.  and  dipping  70°  to  75°  S.  E. 
"Each  lode,"  he  says  {op.  cit.,  p.  464),  "may  be  traced  across  the 
country  by  the  immense  masses  of  quartzose  sandstone  standing 
nearly  vertically  on  the  ridges,  and  in  many  instances  forming  the 
ridge-line."  This  quartzose  sandstone  he  considers  to  be  the  base  of 
the  Chester  group,  and  it  appears  to  form  generally  the  hanging-wall 
or  down-throw  side  of  the  veins  for  some  distance  from  the  surface ;. 
the  limestone,  considered  to  be  the  St.  Louis  limestone,  forms  the  other 
side  of  the  veins.  A  third  fault  or  lode,  of  which  he  says  he  has 
no  personal  knowledge,  is  supposed  to  cross  from  Illinois  into  Kenr 
tucky  at  Bay  City,  and  again  at  Carrsville  from  Kentucky  into  Illi- 
nois, with  a  direction  of  N.  32°  E,,  and  to  be  the  same  as  the  Eairr 
view  lode  in  Illinois. 

He  notes  the  fact,  however,  that  the  coal  found  near  and  to  the 
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west  of  Carrsville,  at  Col.  Trabue's  mines,  flipping  10°  N.  W., 
is  above  the  lowest  conglomerate  of  the  coal-measures,  whereas  the 
rocks  at  Carrsville  are  supposed  to  belong  to  the  Chester  group, 
which  would  apparently  make  the  down-throw  on  the  west  side  of 
this  fault-line,  and  thus  correspond,  as  will  be  seen  later,  with  the 
observed  conditions  in  Illinois. 

I  visited  Carrsville,  being  told  that  an  eruptive  dike  crossed  the 
river  at  that  point,  and  found  there  a  ledge  formed  by  an  outcrop  of 
quartzitic  sandstone  beds  projecting  up  through  the  alluvium  of  the 
river-banks  and  dipping  gently  westward.  On  the  western  edge  of 
this  outcrop  the  beds  were  divided  by  a  series  of  vertical  planes  into 
sheets,  a  few  inches  to  a  foot  in  thickness,  so  regularly  as  to  present 
the  appearance  of  vertical  stratification.  Examination  showed  that 
this  was  a  fault-plane  inclined  slightly  west  of  the  vertical,  with  a 
strike  about  N.  25°  E.  The  faulting  action  had  not  only  sheeted 
the  rock,  as  above  described,  but  had  also  produced  considerable 
friction-breccia,  which  had  been  subsequently  cemented  by  siliceous 
waters,  so  that  the  rock  adjoining  the  fault-plane  was  almost 
vitreous.  A  little  fluorspar  was  found  in  small  ci'evices.  This  hard- 
ened rock  adjoining  the  fault  evidently  formed  a  ridge  on  the  river- 
bottom.  No  rock-outcrops  were  visible  along  the  river-banks  on 
•either  side  of  this  ledge  of  sandstone,  but  a  30-foot  hole  in  the  town 
just  west  of  the  fault-plane  discloses  impure  limestones  and  shales, 
which  probably  should  be  considered  to  belong  to  higher  beds  in 
the  Chester  group,  the  sandstone  being  the  basal  sandstone  of  that 
group.  It  seems  probable  that  the  nearly  vertical  sandstones,  which 
Norwood  speaks  of  as  frequently  occurring  in  the  veins  he  examined, 
and  whose  position  he  could  not  satisfactorily  account  for,  are  similar 
vertically-sheeted  masses,  produced  by  the  fault-movement  and  sub- 
sequently silicified. 

Distribution  of  Lead  and  Associated  Minerals  in  Lime- 
stones OF  the  Mississippi  Valley. 

Lead  has  been,  from  earliest  times,  the  metal  most  sought  after 
in  the  limestones  of  the  Mississippi  valley,  having  been  rained  there 
since  1720;  and  the  discovery  of  the  associated  minerals  has  been 
therefore  necessarily  dependent  upon  the  development  of  the  lead- 
deposits.  The  most  productive  and  hence  the  best-known  lead- 
regions  are  those  of  the  upper  Mississippi,  which  cover  portions  of 
Illinois,  Wisconsin,  Iowa,  and  those  of  Missouri. 

In  the  former  region  the  most  productive  deposits  occur  in  the 
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Galena  and  Blue  limestones.  No  lead  is  said  to  occur  in  the  beds  of 
the  overlying  Niagara  and  Hudson  river  beds,  but  some  is  found  in 
the  underlying  Cambrian  limestones.  The  metallic  minerals  in  order 
of  importance  are  the  sulphides  of  lead,  zinc,  iron  and  copper,  and 
their  decomposition-products,  with  the  gangue-minerals,  calcspar, 
barite,  and  amorphous  silica ;  no  crystalline  quartz  or  fluorspar  is 
found. 

In  southeastern  Missouri  the  lead-deposits  are  found  in  the  Cam- 
brian limestones,  and  contain,  besides  the  minerals  found  in  the  Wis- 
consin region,  cobalt,  nickel,  and  a  little  arsenic.  Central  Missouri 
has  the  same  association  of  minerals  as  Wisconsin,  in  the  lower  Mag- 
nesian  limestone.  In  southwestern  Missouri  and  adjoining  portions 
of  Arkansas,  at  present  the  most  important  producers  of  lead  and 
zinc,  little  or  no  copper  or  barite  occurs,  the  gangue-minerals  being 
calcspar,  dolomite,  and  amorphous  quartz.  Tiie  principal  deposits 
here,  however,  are  in  the  sub-Carboniferous  (Chester  and  St.  Louis) 
limestone.  The  only  mention  I  find  of  fluorspar  is  its  occurrence  in 
geodes  of  the  St.  Louis  limestone*  near  St.  Louis. 

In  central  Kentucky  galena  occurs  in  the  Trenton  and  Upper 
Cambrian  limestones,  associated  with  zinc-blende,  in  veins  of  barite. 
These  deposits  are  of  little  economical  importance ;  for,  whereas  in 
the  previously  cited  localities  the  metallic  minerals  are  in  relatively 
considerable  amount,  here  they  are  so  subordinate  as  to  form,  as  it 
were,  an  accidental  constituent  of  the  great  masses  of  barite.  Ap- 
])arently,  little  or  no  fluorspar  occurs  in  these  deposits,  although 
Linneyt  speaks  of  calcspar  and  fluorspar  as  being  frequently  asso- 
ciated with  the  barite.  He  also  remarks  on  the  absence  of  lead  in 
the  overlying  Hudson  river  beds. 

In  southern  Illinois  and  western  Kentucky  the  deposits  in  the 
lower  Carboniferous  limestones  are  mainly  fluorspar  and  calcspar^ 
with  galena,  zinc-blende,  and  occasionally  a  little  iron  or  copper 
pyrites.  Barite  is  practically  absent,  though  it  has  been  detected  in 
small  amounts. 

The  most  strikino;  fact  in  regard  to  the  above  distribution  of  min- 
erals  is  the  apparently  exclusive  association  of  barite  with  the  lower 
and  of  fluorite  with  the  higher  horizons.  Explorations  have  not 
been  sufficiently  systematic  as  yet,  however,  to  render  this  generali- 
zation universally  applicable  to  the  Mississippi  valley  horizons. 

*    U.  S.  Geol.  Survey,  Min.  Res.,  for  1883-84,  p.  776. 

t  Geology  of  Henry  County,  by  W.  M.  Linney,  Frankfort,  Ky.,  Jan.  1887,  p.  17. 
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Origin  of  the  Deposits. — Whitney  was  the  first  to  make  a  syste- 
matic study  of  these  deposits,  and  his  opinions  have  evidently  had 
great  influence  with  later  observers,  and  have  somewhat  biassed  their 
views.  His  examinations  were  restricted  to  the  upper  Mississippi 
region,  where  he  found  the  economically  productive  deposits  con- 
fined to  the  Galena  and  Blue  limestones.  Moreover,  he  found  no 
evidence  of  profound  faulting  in  the  region,  and  no  slickensides  or 
striated  surfaces  in  the  veins  themselves.  His  practical  deduction, 
as  opposed  to  the  views  of  his  predecessors,  was,  that  it  was  inad- 
visable to  conduct  explorations  beyond  these  horizons  either  above 
or  below.  Theoretically,  he  regarded  the  veins  as  gash-veins,  that 
is,  crevices  or  cracks  confined  to  a  given  horizon,  and  not  extending 
indefinitely  through  the  entire  series  of  rocks,  as  is  supposed  to  be 
the  case  with  true  fissure-veins.  These  veins  or  crevices  he  regarded 
as  due  primarily  to  a  tension  produced  by  shrinkage  or  by  crystal- 
line action,  or  both  combined,  influenced,  however,  by  an  elevatory 
movement  of  the  region  which  determined  the  direction  of  the 
fissures.  [Op.  cit.,  p.  387.)  It  does  not  necessarily  appear,  however, 
that  he  regarded  shrinkage  or  contraction  of  the  rocks  a  sufficient 
cause  by  itself  to  produce  the  crevices  in  which  the  ores  were  de- 
posited. 

As  regards  the  source  of  the  minerals,  he  regards  the  generally 
received  view,  that  they  must  have  come  from  below,  as  untenable 
in  this  case,  and  considers  that  they  were  precipitated  from  solution 
in  the  waters  of  the  ocean  by  organic  substances  at  the  time  of  the 
formation  of  the  limestones,  and  subsequently  segregated  by  perco- 
lating waters  into  the  present  deposits,  which  they  reached  from 
above  rather  than  from  below. 

Chamberlin,  who  made  a  thorough  examination  of  the  same  region 
nearly  twenty  years  later,*  adopts  views  that  resemble  Whitney's 
in  many  respects.  He  regards  the  crevices  as  formed  by  successive 
undulations  or  gentle  folds  of  the  region,  which  have  cracked  the 
more  rigid  rocks,  like  limestones,  while  only  folding  those  of  more 
plastic  material,  but  does  not  call  in  the  aid  of  shrinkage  or  con- 
traction for  their  production.  He  likewise  discards  the  source  from 
below,  and  advocates  original  deposition  from  oceanic  waters,  but 
gathers  the  material  from  abrasion  of  adjoining  land  masses,  and 
concentrates  it  in  given  localities  by  ocean  currents  prevailing  at 
that  time. 

*  Geology  of  Wisconsin^  v  ol.  iv.,  Survey  of  1873-79,  T.  C.  Chamberlin,  Cliief  Geo[ 
ogist.     Madison,  1882,  pp.  367-568. 
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The  Kentucky  geologists  show  a  tendency,  when  the  deposits  ex- 
amined do  not  show  evidence  of  faulting,  to  call  in  the  aid  of 
shrinkage  or  contraction  for  the  production  of  the  openings  in  which 
the  minerals  were  deposited.  So  Worthen,  in  the  Illinois  reports 
{op.  cit.,  p.  308),  says  of  the  Rosiclare  deposits,  "  The  veins  in  which 
the  ores  occur  are  probably  gash  veins,  and  formed  by  the  shrinkage 
of  the  strata,  and  are  consequently  confined  to  the  group  or  set  of 
strata  in  which  they  appear." 

I  have  quoted  these  views,  not  because  I  consider  that  the  manner 
of  formation  of  deposits  in  one  region  has  any  necessary  connection 
or  resemblance  with  that  of  those  in  a  distant  locality,  but  rather  to 
show  the  danger  of  assuming  such  similarity  of  origin  without  a 
sufficient  knowledge  of  the  structural  conditions  of  the  region  in 
question.  As  I  have  already  stated,*  however,  I  am  disinclined  to 
believe  in  the  efficacy  of  shrinkage  or  contraction  for  producing 
crevices  or  fissures  along  which  ore-deposits  have  been  formed,  for 
the  reason  that  in  a  pretty  wide  experience  I  have  not  yet  seen  any 
ore-bearing  fissures  to  which  such  origin  could  be  ascribed.  I  ad- 
rait  the  possibility  of  contraction  producing  a  certain  tension  within 
the  rock-masses,  but  consider  that  some  dynamic  movement  must 
have  been  the  determining  cause  of  such  fracturing  as  would  facili- 
tate the  necessary  free  circulation  of  mineral-bearing  waters. 

Furthermore,  I  do  not  regard  the  absence  of  striations  in  limestone 
deposits  as,  by  itself,  a  necessary  evidence  against  faulting,  for  per- 
colating waters  may  readily  have  eaten  into  the  walls  of  crevices 
produced  by  fracture  and  displacement  and  removed  all  striated 
surfaces. 

Hardin  County  Mines. 

Surface  Features. — The  region  around  Rosiclare  is  a  rolling 
country  of  low  broken  ridges,  generally  with  rounded  surfaces  and 
partly  covered  with  timber,  and  with  an  irregular  and  rather  incon- 
sequent drainage  system.  Except  along  the  Ohio  river,  actual  rock 
outcrops  are  not  frequent.  Where  limestone  forms  the  rock-sur- 
face there  is  often  an  accumulation  of  from  20  to  40  feet  of  soil 
and  red  clay,  the  latter  of  which  appears  to  be  a  residual  clay,  re- 
sulting rather  from  the  chemical  solution  of  the  rocks  than  from 
abrasion,  a  condition  which  is  described  by  Whitney  as  prevailing 
in  the  Upper  Mississippi  lead  region.  Where  the  hard  Chester 
sandstones  form  the  surface-rock,  on  the  other  hand,  the  soil-accu- 

*  Trans.,  xvi.,  p.  812  (1887-8), 
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mulation  is  generally  thin.  This  rock  not  only  caps  the  higher 
bluffs  and  ridges,  but  is  also  found  where  there  is  no  prominent 
elevation,  especially  along  the  west  side  of  the  veins.  In  such  cases 
the  loose  surface-material  over  the  rock-surface  will  suddenly  deepen 
from  a  few  feet  on  one  side  to  30  or  40  feet  on  the  other  side  of  the 
lode,  without  necessarily  showing  any  discrepancy  on  the  surface. 
The  vein-fissures,  as  will  be  shown  later,  are  evidently  a  system  of 
fault-planes  whose  down-throw  is  on  the  hanging  or  west  side,  their 
strike  varying  from  5°  to  40°  east  of  north.  The  ap{)arent  anomaly 
presented  by  the  fact  that  the  down-throw  side  of  the  vein  is  now 
generally  higher  than  the  raised  side  may  be  explained  in  this  way. 
In  the  general  levelling  of  the  region  by  earlier  erosion  the  sand- 
stones have  been  entirely  removed  from  the  raised  side ;  in  later 
erosion,  which  has  been  mainly  a  solution  of  the  exposed  limestone 
surfaces  by  atmospheric  waters,  the  Chester  sandstones  on  the  down- 
thrown  sides  have  acted  as  protecting  caps  against  the  erosion  which 
has  eaten  away  the  limestones. 

Back  of  the  prominent  bluff  between  Rosiclare  and  Fairview  is  a 
low  flat,  which  is  covered  by  water  at  very  high  stages  of  the  Ohio 
river,  and  which  would  be  the  natural  bed  of  a  little  stream  that 
drains  the  country  immediately  north  of  Rosiclare,  but  that  for  some 
reason  this  stream  has  been  deflected  from  this  course  and  finds  its 
way  into  the  Ohio  river  between  Rosiclare  and  the  bluff  in  a  deep 
arroyo,  cut  in  the  flood-plain  clays  which  fill  the  bottom  of  the  val- 
ley. The  west  side  of  this  flat  is  formed  by  a  second  lower  ridge, 
also  capped  by  sandstone  and  with  a  steep  side  toward  the  east, 
which  extends  nearly  parallel  with  the  river  from  back  of  Fairview 
a  little  east  of  north  nearly  a  mile,  gradually  merging  into  the  roll- 
ing country  back  of  Rosiclare.  The  Fairview  lode  runs  along  the 
east  face  of  this  bluff  or  ridge. 

Mines. — The  general  disposition  of  the  various  openings  visited  is 
shown  on  the  accompanying  map  :* 

At  the  southwestern  extremity  of  the  bluffs,  below  Rosiclare,  is 
the  little  stamp-mill  of  the  IMuliins  Company,  with  jigs  and  buhr- 
stoues  for  separating  the  galena  and  pulverizing  the  spar.  It  is 
connected  with  the  working  shafts  of  the  company  by  a  tram-road 
three-quarters  of  a  mile  to  a  mile  in  length. 

*  In  point  of  fact  the  townships  and  sections  are  not  perfectly  square  as  here  indi- 
cated, and  the  various  farm  tracts  on  which  mineral  has  been  found  are  very  in- 
definitely described,  so  that  the  map  is  a  confessedly  inaccurate  representation,  but 
shows  approximately  the  extent  of  the  present  developments. 
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Fig.  2. 


A  few  hundred  yards  west  of  this,  and  but  a  short  distance  back 
from  the  river  bank,  are  the  Anderson  Well  shafts  (A.  W.),  now 
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filled  up  and  abandoned.  Apparently,  no  considerable  exploration 
has  been  made  here,  and  no  connection  established  with  what  is  con- 
sidered the  Fairview  lode.  The  direction  of  this  vein  is  given  by- 
Norwood  as  N.  3°  E. 

From  a  quarter-  to  a  half-mile  back  from  the  river,  on  the  western 
edge  of  the  flat,  and  at  the  immediate  foot  of  the  bluff,  is  the  Good 
Hope  shaft  (G.  H.),  which  was  at  one  time  extensively  worked,  to  a 
depth  of  200  feet,  but  has  been  long  abandoned.  According  to  Nor- 
wood, there  were  several  other  small  shafts  near  it,  and  the  direction 
of  the  Fairview  lode,  as  developed  by  their  workings,  is  given  by 
him  as  N.  21°  E. 

A  thousand  feet  or  more  northeast  of  the  Good  Hope  is  the  group 
of  the  four  Mullins  shafts.  Neither  distance  nor  direction  from  the 
former  were  accurately  determined.  The  first  of  these  shafts.  No.  3 
(]VP),  is  sunk  90  feet  to  the  vein  through  the  hanging-wall  sandstone 
which  caps  the  ridge,  and  was  closed  at  the  time  of  my  visit.  The 
next  shaft,  No.  4  (M*),  was  97  feet  deep,  with  a  length  of  210  feet  of 
drifts  on  the  vein.  Next  to  this.  No.  2  (M^)  was  150  feet  deep,  with 
270  feet  of  drifts.  No.  1  shaft  (M^),  near  the  north  boundary  of  the 
property,  was  closed.  The  distance  between  each  two  of  these  shafts 
is  from  300  to  400  feet,  so  that  about  1000  feet  of  the  vein  is  nearly 
continuously  developed  by  them.  The  average  direction  of  the  vein 
in  this  distance  is  about  N.  35°  E.,  and  the  dip  70°  to  80°  W. 
From  No.  1  shaft,  which  is  on  the  edge  of  the  flat,  an  incline  had 
been  run  northward  on  the  vein,  which,  at  a  high  stage  of  the  river, 
had  filled  with  water,  flooding  the  adjoining  workings  to  the  north, 
and  thereby  giving  rise  to  litigation. 

The  next  adjoining  property  on  the  north  is  the  Pell,  which  is 
said  to  extend  to  the  township-line.  On  it  are  four  shafts  and  an 
air-shaft,  opening  in  practical  continuity  750  to  800  feet  on  the 
length  of  the  vein,  which  in  this  ground  appears  to  have  a  direction 
of  about  N.  20°  E.  Of  these  the  southernmost,  No.  3  (P'^),  is  90 
feet  deep.  The  next,  No.  2  (P^),  is  160  feet  deej),  with  1 5  feet  of 
ground  left  between  its  workings  and  those  of  No.  3.  The  next, 
known  as  the  Intermediate  shaft  (P"),  has  levels  at  60,  80, 110,  and 
135  feet.  The  next  shaft.  No.  1  (F),  is  200  feet  deep,  with  levels 
at  80,  130,  and  200  feet.  (This  information  was  obtained  from  Mr. 
Louden,  in  charge  of  the  property.) 

The  next  shaft  is  on  the  Rosiclare  ground.  No.  1  shaft  (R'),  450 
feet  from  Pell  No.  1,  is  said  to  be  230  feet  deep,  with  drifts  to  within 
200  feet  of  those  of  the  Pell.  Kosiclafe  No.  2  (R"),  judging  from 
the  dump,  is  probably  a  deep  shaft. 
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Beyond  the  Rosiclare  ground  is  the  Cincinnati  shaft  (C),  apparently 
on  the  same  vein.  On  the  road  which  separates  the  two  properties 
is  an  outcrop  of  the  hanging-wall  sandstone. 

All  these  shafts  had  been  abandoned.  The  direction  of  the  vein, 
as  well  as  it  can  be  determined  from  the  surface,  is  N.  5°  to  10°  E. 
No  data  were  obtained  as  to  the  extent  of  the  drifts  on  the  vein  in 
these  two  properties,  but  a  probable  length  of  nearly  2000  feet  is 
proved  by  the  shafts,  or  4000  to  5000  feet  from  the  Good  Hope  to 
the  Cincinnati  shaft. 

In  the  timber  to  the  west  of  the  Rosiclare  ground  are  the  aban- 
doned shafts  of  the  Blue  Diggings,  said  by  Norwood  to  have  devel- 
oped an  11-foot  vein  of  spar,  running  N.  29°  E.,  and  dipping  steeply 
east.  He  speaks  likewise  of  the  Cross  lode,  about  100  yards  west 
of  this,  also  carrying  fluorspar  and  galena,  and  striking  N.  35°  E. 
Of  this  nothing  was  seen  by  me. 

About  a  mile  beyond  the  Rosiclare  shafts  is  the  recently- 
opened  Daisy  shaft,  from  which  the  main  shipments  of  fluorspar 
were  being  made  by  the  interest  represented  by  Mr.  Louden.  It 
was  about  40  feet  deep,  and  had  developed  but  a  short  distance  on 
the  strike  of  the  vein,  which  had  an  apparent  direction  of  about  N. 
40°  E. 

Again,  a  mile  or  so  beyond  the  Daisy  shaft  are  the  Eureka  dig- 
gings. Here  about  500  feet  on  the  vein  are  proved  by  several 
small  shafts  from  40  to  80  feet  deep,  and  its  probable  continuance 
much  farther  to  the  northward  is  indicated  by  sink-holes  and  an 
abandoned  tunnel. 

An  extent  of  mineral-bearing  ground,  nearly  3  miles  in  length, 
may  be  considered  to  be  proved  by  these  various  openings ;  and  the 
McAllen  diggings,  mentioned  by  Norwood  {op.  cit.,  p.  316)  as  located 
on  the  southwestern  quarter  of  Sect.  21,  T.  12,  R.  8,  would  carry  the 
zone  somewhat  further.  An  old  English  miner  named  Wheeler, 
who  has  worked  many  years  in  the  region,  claims  to  have  traced  the 
vein  14  miles  to  the  northeast. 

Underground  Developments. — Although  at  the  time  of  my  visit 
the  only  accessible  underground  workings  were  those  of  the  Daisy 
and  of  shafts  No.  2  and  No.  4  on  the  Mullins  ground,  the  examina- 
tion of  open  cuts  and  dumps,  and  the  testimony  of  old  miners  who 
had  worked  in  the  now  abandoned  mines,  afforded  such  concurrent 
testimony  as  to  justify  the  following  conclusions  as  to  the  general 
characteristics  of  the  deposits. 

Even  where  the  discrepancy  of  the  adjoining  walls  is  not  seen, 
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the  veins  bear  undoubted  evidence,  in  the  banded  or  sheeted  char- 
acter of  the  vein-material,  especially  on  the  hanging--,vall,  of  being 
strong  fault- fissures.  The  stronger  crevice  is  on  tue  foot-wall  side, 
where  is  found  a  solid  mass  of  fluorspar  from  2  to  6  or  8  feet  wide, 
and  sometimes  as  much  as  12.  This  spar  is  either  colorless  or  has  a 
slight  yellowish  tinge  from  infiltrated  iron  oxide.  In  immediate 
contact  with  the  limestone  foot-wall  there  is  frequently  found  a  vary- 
ing amount  of  white,  coarsely  crystalline  calcspar,  which  grades  off 
insensibly  into  fluorspar.  The  delimitation  of  vein-material  and 
country-rock  on  the  foot- wall  side  is  generally  sharp  and  well  de- 
fined, especially  where  there  is  some  clay  selvage.  Where  this  is 
wanting,  the  limestone  surface  on  the  foot-wall  side  is  apt  to  be 
irregular  and  wavy,  evidently  from  unequal  dissolving  action  of  the 
mineral-bearing  waters  in  the  fissure.  The  hanging-wall  side,  which 
comprises  generally  one-half,  or  even  more,  of  the  material  mined, 
is  amixed  mass  of  spar  and  dragged-in  rock-material,  the  propor- 
tion of  the  former  decreasing  so  gradually  from  the  solid  spar  out- 
wards, that  it  is  difficult  to  define  the  boundary  of  the  deposit.  It 
is  in  this  portion  that  the  banded  arrangement  of  the  material  is  most 
distinct,  and  it  evidently  consists  of  the  more  plastic  portions  of  the 
country-rock,  dragged  into  the  fissure  during  the  faulting  movement, 
and  more  or  less  completely  replaced  by  vein-minerals  in  propor- 
tion to  the  solubility  of  the  materials.  In  those  portions  of  the 
veins  actually  observed,  the  unreplaced  material  was  argillaceous, 
either  shales  or  residues  of  impure  limestones.  The  spar  is  here 
generally  darker,  deep  purple  colors  prevailing.  As  no  cross-cuts 
at  all  had  been  made  in  the  workings  visited,  it  was  not  possible  to 
observe  how  far  on  either  side  of  the  vein  the  country-rock  was 
fractured  parallel  to  the  vein,  nor  what  was  the  character  of  the  un- 
altered hanging-wall.  It  seems  probable,  however,  that  parallel 
crevices,  in  some  cases  carrying  valuable  mineral,  may  be  found  by 
cross-cutting. 

The  occurrence  of  the  galena  is  most  irregiflar.  It  is  generally 
in  large,  coarsely  crystalline  ma.sses,  entirely  enclosed  by  and  often 
intergrown  with  the  fluorspar.  In  the  extent  observed  it  was  not 
possible  to  determine  any  law  with  regard  to  its  distribution.  At  one 
point  it  appeared  to  be  concentrated  on  the  foot- wall  side  of  a  12-foot 
mass  of  solid  spar.  At  another,  where  the  vein  had  pinched,  it  con- 
sisted of  finely-banded  fluorspar  and  galena,  in  which  the  two  min- 
erals were  more  often  intergrown  than  with  a  defined  plane  ot  de- 
marcation between  them.  Copper  pyrites  are  found  in  very  small 
grains,  entirely  enclosed  in  the  galena,  in  unimportant  amount. 


FLUORSPAR-DEPOSITS    OF   SOUTH ERX    ILLIXOIS.  49 

According  to  the  testimony  of  the  miners,  the  proportion  of  galena 
increases  in  depth,  being  very  sensibly  greater  between  100  and  200 
feet  than  above.  In  the  lower  workings  of  the  Good  Hope  shaft, 
continuous  masses  of  galena  of  100  tons  weight  are  said  to  have 
been  found. 

The  occurrence  of  zinc-blende,  which  is  of  very  subordinate  amount 
in  the  upper  workings,  is  apparently  similar  to  that  of  galena.  In 
the  Cincinnati  ground,  the  vein-matter  appears  to  have  consisted 
mainly  of  calcspar  and  zinc-blende,  with  but  little  fluorspar  and 
galena. 

Surface-waters  have  dissolved  out  open  passages  or  caves  along 
the  walls  of  the  vein,  which  are  lined  with  residual  red  mud  or 
slime,  resulting  from  the  solution  of  limestone.  Such  caves  were 
observed  in  the  hanging- wall  of  the  vein  in  the  Mullins  ground, 
and  one  in  said  to  have  extended  continuously  on  the  foot-wall  of 
the  Good  Hope  vein  down  to  the  200-f()ot  level.  The  sinks  which 
follow  the  line  of  the  vein  in  the  Eureka  ground,  evidently  result 
from  the  caving  of  such  dissolved-out  openings.  The  water  found 
in  the  mines  evidently  comes  mainly  from  surface-waters,  being  of 
inconsiderable  amount  in  dry  seasons,  and  often  flooding  the  mines 
in  wet  ones. 

From  the  testimony  of  the  miners,  it  would  appear  that  the  vein 
was  stronger,  wider,  and  more  regular  at  200  feet  than  at  depths 
visible  in  the  present  workings,  but  that,  in  the  older  workings,  the 
vein  was  robbed  of  its  mineral  continuously  for  long  distances  with- 
out leaving  any  adequate  support  for  the  walls,  and  that  they  conse- 
quently became  so  dangerous  that  they  had  to  be  abandoned. 

Continuity  of  Fissures. — In  the  absence  of  accurate  surveys,  it  is 
difficult  to  speak  with  confidence  as  to  the  relation  of  the  fissures 
developed  by  the  different  openings.  The  workings  in  the  Mullins, 
Pell,  Rosiclare,  and  Cincinnati  grounds  are  evidently  on  one  con- 
tinuous fissure,  and  the  Good  Hope  workings  are  very  likely  on  the 
same  fissure.  The  Blue  diggings  are  on  a  parallel  fissure  en  P^chelon 
with  this,  and  I  am  inclined  to  consider  the  Daisy  and  Eureka  work- 
ings as  also  on  echelon  fissures.  The  change  of  character  of  the 
mineral  in  the  Cincinnati  ground  is  evidence  to  my  mind  that  the 
Fairview  fissure  is  running  out  at  that  point.  On  the  other  hand, 
the  probable  squeezing  of  the  townships  by  land-surveyors  to  make 
them  fit  into  the  rectangular  system,  by  which  they  have  been  given 
less  than  their  normal  width  from  north  to  south,  would  bring  them 
nearer  into  line  than  they  are  represented  on  the  sketch-map. 
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Whichever  be  the  true  state  of  the  case,  it  does  not  influence  the 
probable  value  of  the  deposits  of  the  region,  except  so  far  as  the 
miner's  tradition  leads  him  to  look  for  mineral  in  the  continuation 
of  the  vein  he  is  working,  rather  than  on  a  parallel  fissure,  set  off 
en  Echelon. 

My  own  experience  has  been  that  in  a  faulted  region  like  this, 
the  zone  of  greatest  mineral  development  is  more  likely  to  run 
across  the  fissures,  at  a  slight  angle  to  the  strike,  than  to  follow  a 
single  fissure  for  so  great  a  distance  as  three  miles. 

Two  alternatives  are,  therefore,  presented.  There  may  be  one 
long  principal  fault-plane  of  somewhat  winding  course,  on  which 
occur  the  Fairview,  Daisy,  and  Eureka  ore-bodies,  with  subordinate, 
more  or  less  parallel,  lateral  fractures,  represented  by  the  Anderson, 
Blue,  and  Cross  lodes,  and  probably  others  not  yet  discovered.  Or, 
the  three  first  named  may  be  Echelon  fractures  in  a  general  zone  of 
faulting,  in  which  the  zone  of  greatest  mineral  development  proba- 
bly has  a  direction  at  an  angle  slightly  nearer  north  than  the  average 
direction  of  the  individual  fissures. 

In  either  case,  the  amount  of  mineral  actually  developed  is  very 
remarkable.  In  the  Mullins,  Pell,  and  Rosiclare  workings,  obser- 
vation and  reliable  testimony  show  a  most  remarkable  continuous 
deposit,  which  reaches  18  to  20  feet,  and  rarely  goes  below  4  feet  in 
thickness ;  the  average  given  for  the  whole  vein  is  10  feet.  Nearly 
3500  feet  in  length  are  almost  continuously  opened,  and  explorations 
to  depths  of  200  feet,  at  various  points,  have  shown  no  diminution 
in  the  strength  of  the  vein.  Some  idea  of  the  amount  of  vein-ma- 
terial this  represents  may  be  had,  when  we  consider  that  a  sheet  of 
fluorspar,  3000  feet  long  by  200  feet  deep  and  10  feet  wide,  would 
weigh  nearly  650,000  tons.  It  is  reasonable  to  assume  that  1000 
feet  additional  in  length  are  proved  by  the  Good  Hope  workings. 

The  Daisy  workings,  as  far  as  opened,  show  a  vein  equal  in 
strength  and  purity  of  fluorspar  to  the  best  of  the  older  openings. 
The  Eureka  workings  show  an  apparently  regular  and  persistent 
vein  of  somewhat  less  width,  being  given  at  from  3  to  8  feet,  ac- 
cording to  diff'erent  authorities,  but,  as  shown  by  the  dumps,  with  a 
large  proportion  of  pure  fluorspar  in  its  vein-material.  These  two 
developments  open  the  possibility  of  an  amount  of  fluorspar  in  the 
northern  half  of  the  region  represented  on  the  map,  equal  to  that 
known  to  have  existed  on  the  southern  half,  though  it  will  be  hardly 
reasonable  to  expect  so  regular  and  continuous  a  fissure. 

As  regards  the  probable  continuity  of  the  deposits  in  depth,  the 
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predominance  of  evidence  would  seem  to  be  in  its  favor.  The  first 
question  is,  through  how  great  a  thickness  of  rocks  the  displacement 
or  fracturing  has  probably  extended?  The  displacement  of  a  fault- 
fissure,  or  the  extent  of  the  fracture,  is  probably  not  indefinite  in  a 
vertical  direction,  since  actual  observation  shows  us  that  its  hori- 
zontal extent  is  always  limited,  and,  as  I  have  remarked  before, 
there  is  probably  some  proportionate  relation  between  the  two  di- 
mensions of  the  fracture.  On  this  ground,  if  it  were  proved  that 
one  continuous  fissure  traversed  the  whole  region,  one  would  expect 
its  vertical  extent  to  be  greater  than  if  there  were  simply  a  series  of 
shorter  fissures.  On  the  other  hand,  the  length  of  continuous  fissure 
already  proved,  and  the  fact  that  its  strength  has  not  diminished  at 
a  depth  of  200  feet,  seems  sufficient  ground  for  assuming  that  it  will 
probably  be  found  to  extend  at  least  as  far  down  as  the  Trenton  and 
Cambrian  limestones.  The  mineral  contents  of  the  fissure,  however, 
may  be  expected  to  vary  with  the  character  of  the  enclosing  beds, 
and  to  diminish  very  much,  if  not  to  be  cut  off  entirely,  when  the 
walls  are  formed  by  more  siliceous  and  hence  less  readily  soluble ' 
rocks. 

Manner  of  Formation  of  Deposits. — A  considerable  proportion  of 
the  deposit,  especially  in  the  hanging-wall  portion  of  the  vein*  has 
undoubtedly  been  formed  by  replacement  or  substitution.  The 
foetid  character  of  some  of  the  spar,  which  it  undoubtedly  inherits 
from  the  replaced  limestone,  the  residual  bituminous  matter  found 
in  the  vein-material,  and  in  one  case  a  fossil,  as  mentioned  with  re- 
gard to  the  Kentucky  deposits  by  Norwood,  are  proofs  of  this  in 
addition  to  the  already  sufficient  banded  arrangement  of  the  vein- 
material  and  replaced  portions  of  dragged-in  country  rock.  To 
what  extent,  if  any,  the  solid  vein  of  spar  results  from  replacement, 
it  is,  however,  difficult  to  determine.  It  seems  probable  that  the 
original  crevice,  as  formed  by  dynamic  action,  was  relatively  small, 
and  was  gradually  enlarged  by  circulating  waters.  Under  varying 
conditions  these  waters  were  probably  at  one  time  removing  material 
and  at  another  depositing  it.  The  present  action  of  surface-waters, 
as  has  been  seen,  is  essentially  one  of  removal,  leaving  open  spaces 
partially  filled  by  detrital  material  brought  in  by  the  waters.  The 
relation  of  the  crystalline  calcspar  to  the  adjoining  limestone  wall 
shows  that  at  one  time  (and  before  the  access  of  surface-waters)  cal- 
cite  was  dissolved,  and  subsequently  deposited  in  a  crystalline  form 
in  the  same  place.  The  relation  of  the  crystalline  calcspar  to  the 
fluorspar  suggests  that  the  latter  may  have  been  formed  as  a  replace- 


52  FLUORSPAR-DEPOSITS    OF   SOUTHERN    ILLINOIS. 

ment  of  the  former.  The  metallic  minerals  in  the  portion  of  the  vein 
coming  under  observation  are  quite  accessory  and  unimportant  gen- 
etically. Their  occurrence  in  the  midst  of  a  great  vein  of  pure  fluor- 
spar does  not  necessarily  imply  that  they  were  deposited  freely  in  a 
large  cavity,  for  galena  crystals  are  often  found  isolated  in  the  mass 
of  an  unaltered  limestone,  which  must  have  reached  there  by  gradual 
exudation  of  solutions  through  the  surrounding  rock-mass.  The 
order  of  paragenesis  of  the  minerals,  if  there  was  any  definite  univer- 
sal order  (which  I  doubt)  was  calcspar,  fluorspar,  galena  and  zinc- 
blende. 

Origin  of  Vein- Materials. — Any  speculation  as  to  the  source  of 
the  vein-materials  must  be,  in  the  present  state  of  our  knowledge  of 
this  region,  largely  hypothetical,  yet  the  subject  is  so  interesting 
that  it  seems  worth  while  to  summarize  the  few  facts  bearing  upon  it. 

As  far  as  they  go  they  point  to  the  derivation  of  the  fluorspar  from 
the  mass  of  the  surrounding  limestone;  and  a  similar  origin  is 
assumed  for  the  minerals  of  the  upper  Mississippi  deposits  by  such 
careful  and  thorough  observers  as  Whitney  and  Chamberlin.  There 
is  nothing  in  the  manner  of  deposition  of  the  minerals  in  this  region 
that  would  suggest  an  origin  for  the  lead  and  zinc  different  from  that 
of  the  fluorspar. 

•  This  mineral  is  frequently  observed  segregated  in  small  cracks  and 
cavities  in  the  lower  Carboniferous  limestones  throughout  this  region, 
and  according  to  Kunz,  it  is  found  in  geodes  in  the  limestones  of 
the  same  horizon  at  St.  Louis.  A  specimen  of  unaltered  limestone 
containing  no  visible  fluorspar,  which  I  collected  at  some  distance 
from  any  known  deposit  of  that  mineral,  was  found  by  chemical 
examination  to  contain  an  appreciable  quantity  of  fluorine. 

That  fluorine  should  be  found  in  limestones  is  not  surprising, 
since,  as  is  well  known,  sea-water  contains  small  but  appreciable 
quantities  of  it.  Moreover,  according  to  Dana,*  there  is  in  corals 
an  average  percentage  of  0.25  of  fluorides  and  0.05  of  phosphates. 
It  is  probable  that  many  analyses  of  limestone  do  not  .show  fluorine 
for  the  same  reason  that  chlorine  is  not  often  detected — because  it  has 
not  been  especially  sought  after.  Fluorine  is  a  very  common  asso- 
ciate of  phosphate  of  lime.  Most  commercial  phosphates  contain 
small  amounts  of  it,  and  the  Florida  phosphates  thus  far  analyzed 
at  the  laboratory  of  the  surveyf  contain  from  1.94  to  2.J0  per  cent. 

*  AmeHcan  Journal  of  Science,  2d  series,  vol.  ii.,  1846,  p.  88. 
t  Dr.  T.  M.  Chatard,  personal  communication. 
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Corals  are  generally  abundant  in  the  lower  Carboniferous  lime- 
stones, but  whether  there  was  any  special  abundance  in  the  sedi- 
ments of  this  region  is  not  known. 

It  does  not  appear  that  the  limestones  of  the  Mississippi  valley 
region  have  ever  been  carefully  or  exhaustively  tested  for  lead  or 
zinc;  these  metals  therefore  afford,  by  the  mere  fact  of  their 
wide-spread  occurrence,  no  evidence,  one  way  or  the  other,  with 
regard  to  the  origin  of  the  vein-materials.  If,  when  these  de- 
posits are  followed  to  great  depths,  it  is  found,  as  the  argument  from 
analogy  would  lead  us  to  expect,  that  the  mineral  contents  of  the 
fissure  diminish  or  pinch  out  in  the  siliceous  rock,  but  come  in  again 
in  the  Silurian  limestones,  barite  taking  the  place  of  fluorspar,  a  most 
forcible  and  convincing  proof  will  be  afforded  of  the  derivation  of 
the  vein-materials  from  the  enclosing  rocks,  especially  if  it  is  found 
also  that  barium  is  more  common  in  the  lower  country-rocks,  as 
fluorine  is  in  the  upper.  If,  on  the  other  hand,  fluorspar  is  found 
to  be  a  persistent  vein-filler  down  to  the  limestones  at  the  base  of  the 
sedimentary  series,  the  case  for  this  derivation  will  be  very  much 
weakened,  but  not  necessarily  disproved. 
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BY    JOSEPH  n.   ALLEN,    LOUISVILLE,    KY. 

(Baltimore  Meeting,  February,  1892.) 

Commercial  coke  is  made  to-day  in  the  United  States  chiefly 
from  the  Appalachian,  the  Illinois  and  tlie  Colorado  coal-fields. 
The  measures  of  the  great  Appalachian  coal-fields  furnish  by  far 
the  largest  proportion,  only  about  1  per  cent,  coming  from  those 
of  Illinois  and  Colorado.  This  is  not  due,  however,  to  a  corres- 
ponding difference  in  area.  The  Illinois  field  covers  about  47,000 
square  miles  in  Illinois,  Southern  Indiana  and  Western  Kentucky. 
The  coal  is  high  in  both  ash  and  sulphur,  and  on  this  account 
nearly  all  the  attempts  which  have  been  made  from  time  to  time  to 
coke  it  have  resulted  in  failure,  so  far  at  least  as  the  requirements  of 
ironmasters  are  concerned. 

Nevertheless,  I  am  able  to  say  from  a  practical  knowledge  of 
this  field  that  the  physical    structure  of  the  coke  is  perfect,  and 
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that  the  percentage  of  ash  can  be  reduced  by  crushing  and  washing. 
The  great  trouble  is  sulphur,  and  until  that  enemy  can  be  elimi- 
nated the  Illinois  as  well  as  the  Colorado  field  will  not  play  any 
important  part  in  the  production  of  coke. 

The  Appalachian  field  from  which,  as  above  stated,  99  per  cent, 
of  the  coke  consumed  in  the  United  States  is  made,  begins  near  the 
northern  boundary  of  Pennsylvania  and  extends  750  miles  to  the 
southwest,  following  the  western  edge  of  the  Allegheny  Mountains 
on  a  course  nearly  parallel  to  the  Atlantic  coast,  through  Pennsyl- 
vania, Virginia,  West  Virginia,  Eastern  Kentucky,  Tennessee, 
Georgia  and  Alabama  to  Tuscaloosa,  Ala.,  where  it  ends.  The 
average  width  is  about  85  miles  and  the  area  70,000  square  miles. 
While  the  coke  from  all  portions  of  this  field  hitherto  opened  has 
been  successfully  used,  the  largest  development  and  the  best  quality 
have  been  exhibited  in  the  Connellsville,  Pa.,  and  Pocahontas,  W. 
Va.,  districts.  The  Eastern  Kentucky  field  has  just  been  opened 
and  bids  fair  to  rival  them  both. 

The  greatest  development  of  the  Appalachian  field  having  oc- 
curred in  the  Connellsville  region,  this  had  come  to  be  considered 
the  typical  coke,  and  as  such  had  no  rival  until  1882,  when  the 
great 'Pocahontas  or  Flat  Top  field  was  opened  in  West  A^irginia. 
The  Connellsville  region  is  a  small  trough,  about  60  miles  long 
and  3  miles  wide,  but  the  development  of  its  coke  industry  has  been 
astonishing.  In  1860  there  were  but  thirty  coke  ovens  in  the  Con- 
nellsville district,  at  the  close  of  1889  nearly  16.000.  There  re- 
mained at  the  beginning  of  1890  only  about  60,000  acres  of  coal, 
which  would  yield  about  9000  tons  to  the  acre.  This  converted  into 
coke  would  not  give  a  supply  from  this  field  for  more  than  eighteen 
years  at  the  present  rate  of  production. 

The  Pocahontas  and  the  New  River  fields  are  one,  the  Pocahontas 
vein  being  the  same  as  the  Quinnemont  of  the  New  River.  This 
bed  is  about  60  miles  long  by  16  miles  wide,  that  is,  as  long  as  the 
Connellsville,  but  five  times  as  wide.  The  development  of  this  great 
coke-producing  region  commenced  with  the  completion  of  the  New 
River  Division  of  the  Norfolk  and  Western  Railroad.  In  1882 
there  were  200  ovens  in  this  field,  in  1890  the  number  had  increased 
to  1884  ovens  in  use,  with  275  under  construction  and  695  under 
contract.  The  total  amount  of  coal  carried  as  local  freight  by  the 
Norfolk  and  Western  Road  in  1882  was  4738  tons,  but  the  opening 
of  this  field  and  the  construction  of  shipping  facilities  at  Lambert's 
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Point  in  1885  created  a  rapid   increase  in  the  coal  and   coke  traffic, 
as  is  shown  by  the  following  figures : 

Coal  and  Coke  Carried  by  the  Norfolk  and    Western  Railroad. 

Tons  of 
Coal  and  Coke. 

1883, 105,805 

1884, 272,178 

1885, 651,987 

1886, 929,635 

1887,     .    .  • 1,308,594 

1888, 1,770,791 

1889, 2,124,249 

1890 2,709,947 

The  remarkable  growth  of  the  coal  and  coke  industry  has  been 
paralleled  by  that  of  iron-making,  the  greatest  stride  in  which  was 
likewise  made  in  1883. 

Coke-iron  Made  in  Virginia. 

Tons. 

1882, 27,731 

1883,  .        .        .        .    9 152,907 

1889,  .        .  251,356 

There  are  now  in  Virginia  from  twelve  to  fourteen  large  furnaces 
using  Pocahontas  coke  exclusively,  and  there  are  twelve  new  stacks 
of  large  capacity  under  construction,  while  many  other  important 
enterprises  are  assuming  definite  shape.  Considerable  amounts  of 
coke  from  this  region  have  been  shipped  South  to  foundries  and  fur- 
naces, but  the  opening  of  the  Ironton  extension  of  the  Norfolk  and 
Western  Road  from  Pocahontas  to  Ironton,  Ohio,  will  give  to  this 
field  a  large  business  in  the  West  and  Northwest,  and  as  the  supply 
from  Connellsville  must  decrease,  this  trade  must  be  supplied  by 
the  West  Virginia  field,  leaving  the  Southern  and  Southwestern 
trade  to  the  great  Eastern  Kentucky  field,  which  is  rapidly  assum- 
ing the  prominence  to  which  its  geographical  position  and  the  high 
grade  of  its  coking  coal  entitles  it.  Moreover,  should  the  develop- 
ment of  the  iron  industry  in  Virginia  keep  pace  with  its  promises, 
the  entire  Pocahontas  field  will  be  taxed  to  supply  this  local  trade. 
This  would  leave  the  Western  markets  to  be  added  to  tho.se  of  the 
South  and  Southwest  for  Kentucky  coke.  The  great  iron-ore  depos- 
its of  Western  North  Carolina  and  those  found  along  the  Cumber- 
land plateau,  which  are  more  extensive  than  the  Virginia  deposits, 
must  also  be  smelted  with  Kentucky  coke.  It  is,  therefore,  to  this 
great  area  of  coking  coal  that  the  ironmasters  of  the  South,  South- 
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west  and  West  must  look  for  their  future  supply  of  metallurgical 
fuel.  The  position  of  this  field  gives  it,  in  the  markets  of  the  South, 
West  and  Southwest,  an  advantage  of  about  400  miles  average  rail- 
way haul. 

Twenty-five  years  ago  Professor  Shaler,  of  Harvard  University, 
predicted  that  the  future  great  production  of  iron  and  steel  would 
be  centered  within  a  radius  of  twenty  miles  from  Cumberland  Gap, 
Tenn. 

The  Eastern  Kentucky  coal-field  embraces  an  area  of  10,000 
square  miles,  or  quite  one-seventh  of  the  entire  Appalachian  field. 
Above  water-level  we  find  an  average  of  six  workable  veins  of  coal 
(including  one,  and  over  a  great  portion  of  the  territory,  two 
seams,  each  3  feet  thick,  of  valuable  cannel  coal).  Within  the  Flat 
Top  coal-field  there  are  but  216,000  acres  of  land,  162,000  of  which 
are  underlaid  with  coal,  while  in  the  Eastern  Kentucky  field  I 
have  proved  the  above  coal  to  underlie  more  than  1,000,000  acres, 
and,  according  to  the  very  tru^tworthy  reports  of  the  Kentucky 
Survey,  the  seams  are  known  to  underlie  75  per  cent,  of  the  10,000 
square  miles  of  the  Appalachian  field  fh  this  State. 

In  the  Fall  of  1887  I  was  requested  by  the  Pine  Mountain  Iron 
and  Coal  Company,  of  Pineville,  Ky.,  to  examine  some  300  acres 
of  coal  which  it  had  acquired.  Upon  the  results  of  this  examina- 
tion it  was  decided  to  erect  under  my  supervision  at  Pineville  a 
small  battery  of  five  ovens  for  the  purpose  of  practically  testing  the 
coals  of  this  Eastern  Kentucky  field.  The  tests  proving  satisfac- 
tory, the  Cumberland  Valley  Colliery  Company  was  organized,  and 
bought  from  the  Pine  Mountain  Company  its  plant  of  five  ovens, 
leased  278  acres  of  its  coal-land,  and  also  900  acres  of  coal-land 
belonging  to  the  Four-mile  Ijand  and  Coal  Company,  added  twenty 
new  ovens  to  those  already  built  on  Straight  Creek,  and  constructed 
fifty  more  on  Stewart's  Branch  on  the  900  acres  already  mentioned, 
which  was  also  located  near  Pineville.  These  plants  have  been 
running  since  1889,  and  wherever  the  coke  has  gone  it  has  been  re- 
ceived with  favor.  The  following  report  of  Mr.  John  Fulton,  of 
the  Cambria  Iron  &  Steel  Company,  Johnstown,  Pa.,  speaks  for 

itself. 

Johnstown,  Pa.,  October  16,  1891. 
Dear  Sir  :  In  compliance  with  your  request  of  September  17th,  I  have  exam- 
ined the  sample  of  your  coke  which  you  forwarded  for  this  purpose.  Assuming 
that  this  sample  of  your  coke,  submitted  for  chemical  and  physical  examination, 
is  a  fair  average  of  its  quality,  I  have  had  seven  physical  tests  made,  giving  the 
average  of  the  seven  in  the  accompanying  table.  In  this  table,  the  Connellsville 
coke  is  included  for  purposes  of  comparison  between  this  and  other  cokes.    On  gen- 
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eral  principles,  coke  for  metallurgical  uses  should  possess  hardness  of  body  with 
well-developed  cell-structure,  so  as  to  insure  exemption  from  combustion  in  the 
upper  regions  of  a  blast-furnace,  and  to  afford  the  utmost  calorific  energy  in  the 
lower  region  of  the  furnace.  Hardness  of  body  in  coke  prevents  its  dissolution  by 
the  furnace-gases,  in  a  section  of  the  furnace,  where  it  is  not  only  a  waste  of  fuel  but 
where  it  disturbs  the  orderly  working  of  the  furnace.  The  large  cell-development 
in  coke  assures  calorific  energy  in  its  combustion. 

The  coke  you  have  submitted  from  your  Pineville  works  shows  that  it  has  been 
carefully  and  intelligently  treated  in  the  coke-ovens.  There  are  no  indications  to 
show  where  an  improvement  could  be  suggested  in  this  respect.  The  coke  has  the 
usual  slender  columnar  structure  somewhat  peculiar  to  Kentucky  cokes.  It  will  be 
seen  in  the  table  that  the  cellular  structure  of  this  coke  is  somewhat  below  the 
standard  Connellsville.  This  slight  physical  defect  is  compensated,  in  a  great 
measure,  for  blast-furnace  use,  by  the  slender  finger-structure  of  the  coke,  as  it  comes 
from  the  coke-ovens.  Its  burden-bearing  qualities  are  equal  to  the  highest  blast- 
furnaces now  in  use  or  likely  to  be  attempted  in  time  to  come.  The  hardness  of 
this  coke  is  so  near  that  of  the  Connellsville  standard,  that  it  is  not  necessary  to 
draw  any  special  distinction.  The  chemical  analysis  shows  that  it  is  a  much  purer 
fuel  than  that  of  the  Connellsville  standard.  The  ash  is  remarkably  low,  only  one- 
third  of  the  volume  found  in  the  Connellsville.  As  a  clean  fuel,  it  has  few  if  any 
superiors.  It  will  also  be  noted  that  the  exceptionally  low  percentage  of  the  ele- 
ment phosphorus  in  this  coke  gives  it  special  adaptability  for  smelting  Bessemer 
pig-iron.  The  sulphur  is  low,  under  that  of  the  standard.  It  will  be  found  a  very 
superior  fuel  for  blast-furnace  purposes,  for  smelting  iron  in  cupolas,  and  for  all 
metallurgical  purposes  in  which  coke  is  used  as  fuel. 

John  Fulton. 

Mr.  Fulton's  Table  Showing  the  Physical  and  Chemical  Properties 

of  Coke. 

standard 
Connellsville.    Pineville. 

Grammes  in  1  cubic  inch,  dry,      ....       15.47  14.10 

"                    "                wet,      ....       23.67  22.24 

Pounds  in  one  cubic  foot,  dry,      ....      58.98  52.75 

wet,      .        .        .        .87.34  84.73 

Percentage  by  volume,       coke,    ....       49.96  50.37 

"               cells,    ....      50.04  49.63 
Compressive  strength  per  square  inch  (one  fourth 

ultimate  strength), 301.  227. 

Height  of  furnace-charge  supported  without  crush- 
ing it,          120.  91. 

Hardness, 3.5  3.0 

Specific  gravity, 1.89  1.71 

Chemical  Analysis. 

Per  cent. 

Fixed  carbon, 87.46"  94.66 

Moisture, 0.49  1.14 

Ash, 11.32  3.37 

Sulphur, 0.69  6.59 

Phosphorus, 0.029  .007 

Volatile  matter, Oil  0.041 


68  COALS    AND    COKES    OF    EASTERN    KENTUCKY. 

The  followins:  communication  from  the  Nashville  Furnace  Com- 
pany,  Nashville,  Tenn.,  to  Messrs.  J.  D.  Anderson  &  Co.,  of  that 
city,  states  the  result  of  a  furnace-test  of  Pineville  coke  made  in 
October,  1889 : 

Gentlemen:  In  reply  to  your  favor  of  this  date,  we  have  to  say  that  on  the 
23d,  24th,  25th,  and  26th  inst.,  we  made  a  test  at  our  furnaces  of  the  Cumberland 
Valley  Colliery's  Pineville  coke.  As  the  coke  was  new  to  us,  we,  as  a  matter  of 
prudence,  charged  light  in  the  beginning,  using  4000  pounds  of  ore  and  2800 
pounds  of  coke.  The  furnace  being  too  hot,  on  the  23d  we  increased  the  ore  to  4800 
pounds.  The  furnace  still  being  too  hot,  on  the  24th  we  increased  to  5300  pounds, 
being  the  same  burden  we  had  carried  with  Pocahontas  coke,  with  as  good  results. 

When  we  came  to  understand  the  nature  of  the  Pineville  coke,  we  produced  as 
much  iron,  and  a  higher  grade  of  iron,  than  we  had  previously  done  with  other 
cokes. 

H.    W.    BlJTTORFF, 

President  and  General  Manager. 

J.  H.  Hanby, 
Superintendent  and  Furnaceman. 

The  following  analysis  of  a  sample  of  Pineville  coke  was  made  for 
the  King  Furnace  Company,  Rockdale,  Tenn.,  by  J.  C.  Wharton, 
chemist,  of  Nashville,  in  June,  1891  : 

Pineville  Coke. 

Per  cent. 

Moisture  and  volatile  matter, 0.40 

Fixed  carbon, 95.89 

Ash, 3.71 

Sulphur, 0.63 

Ash. 

Silica .183 

Alumina, 0-77 

Iron  oxide  (ferric), 0.74 

The  coal  mined  from  this  vein  is  remarkably  free  from  impurities. 
Both  the  veins  which  have  been  opened  on  the  company's  land  show 
clean  coal  from  top  to  bottom.  The  veins  as  opened  at  Pineville 
are  respectively  36  inches  and  54  inches  thick.  The  upper  (54-inch) 
vein  is  somewhat  harder  than  the  lower,  but  cokes  equally  well. 
The  mines  have  been  opened  on  the  outcrop  of  the  coal  and  at  the 
thinnest  place.  It  was  necessary  to  open  at  this  point  in  order  to  get 
suitable  connection  with  the  Louisville  and  Nashville  railroad,  the 
only  line  which  had  so  far  penetrated  this  Eastern  Kentucky  field. 
North  and  east  from  the  present  openings  the  veins  thicken  until,  at 
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a  point  about  7  miles  northeast  from  Pineville,  the  36-inch  vein  has 
increased  to  86  inches,  with  a  slate  parting  of  about  4  inches.  A 
thorough  examination  of  this  field  recently  made,  covering  about  45 
miles  long  by  15  miles  wide,  shows  the  coals  to  be  persistent,  and  the 
whole  field  very  regular  from  the  Pine  Mountain  north  to  Beat- 
tysville,  and  from  Pineville  east  to  the  Breaks  of  Sandy.  The  can- 
nel  coal  also  is  regular  throughout  the  entire  district. 


Statistics  of  Coke-Manufacture,  1880  to  1889. 


CONNELLSVILLE. 

Years. 

Establish- 
ments. 

No.  of 
Ovens. 

Coal  used. 

Coke  made. 

Per  cent. 

1880 

67 

7,211 

3,367,586 

2,205,946 

65^ 

1881 

70 

8,208 

4,018,782 

2,639,002 

65f 

1882 

72 

9,283 

4,628,736 

3,043,394 

65| 

1883 

74 

10,176 

5,358,380 

3,582,402 

66J 

1884 

76 

10,543 

4,829,054 

3,192,105 

66tV 

1885 

68 

10,471 

4,683,831 

3,096,012 

66tV 

1886 

36 

11,324 

6,305,460 

4,180,521 

66fV 

1887 

73 

11,923 

6,182,846 

4,146,989 

69 

1888 

38 

12,818 

7,191,708 

4,955,553 

69 

P0CAH( 

)NTAS  AND  New 

ElVER. 

1880 

18 

631 

230,758 

138,755 

60 

1881 

19 

689 

304,823 

187,126 

61 

1882 

22 

878 

366,653 

230,398 

63 

1883 

24 

962 

411,159 

257,519 

63 

•  1884 

27 

1005 

385,588 

223,472 

62 

1885 

27 

978 

415,533 

260,571 

63 

1886 

29 

1100, 

420,002 

264,158 

62 

1887 

39 

2080 

698,327 

442,031 

63t% 

1888 

51 

■     2764 

854,531 

525,927 

61A 

The  Louisville  and  Nashville  and  the  Kentucky  Union  railroad 
will,  in  the  near  future,  pass  entirely  through  this  field,  the  former 
connecting  with  its  own  system  at  Pineville  and  the  latter  with  either 
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the  Norfolk  and  Western  or  the  East  Tennessee,  Virginia  and 
Georgia.  The  country  is  drained  by  the  three  forks  of  the  Ken- 
tucky river,  flowing  north  and  uniting  at  Beattysville.  The  coals 
so  far  opened  all  lie  above  drainage,  and  are  easily  rained  by  drifts 
or  adits,  without  expense  for  hoisting  or  pumping.  The  whole  region 
is  one  vast  forest  of  the  finest  timber,  comprising  oak,  ash,  hickory, 
maple,  poplar,  etc.,  which,  apart  from  some  small  areas  adjoining  the 
main  water-courses,  has  never  been  cut  into.  The  whole  of  Eastern 
Kentucky  has  been,  until  recently,  an  impenetrable  mountain  forest. 
The  climate  is  delightful. 

I  append  comparative  analyses  of  southern  cokes,  and  those  of 
Counellsville  and  West  Virginia,  with  the  coke  now  made  in  the 
Eastern  Kentucky  district.  With  regard  to  the  cannel  coal,  I  am 
advised  that  crude  oil  has,  to  a  certain  extent,  taken  its  place  as  an 
enricher  of  gas-coals  in  the  United  States ;  but  Prof.  Vivian  Lewis, 
of  the  Royal  Naval  College  at  Greenwich,  England,  informs  me  that 
England  must  look  to  America  for  a  material  to  enrich  her  gas-coals, 
and  that  material  is  undoubtedly  the  cannel  coal  of  West  Virginia 
and  Kentucky.  On  a  recent  visit  to  England  I  was  informed  that 
the  gas-lighting  companies  of  Liverpool,  Manchester,  and  London 
would  pay  from  82  to  85  shillings  per  ton  of  2240  pounds  for  first- 
class  cannel  coal  delivered. 


Comparative  Analyses  of  Southern,  Connellsville,  and  PineviUe  Coke. 


Coke. 


Pratt 

Coalburg 

Etna 

Daisy 

Loddy 

Dade 

St.Bemard  No.9 
"  11 

Pocnhontas 

Pineville 

Connellsville  .... 


Water. 


1.92 
.130 
.128 
.856 
.218 
.172 
.542 


1.11 
1.14 
0.49 


Vegetable 
matter. 


1.68 

1.13 

.68 

1.16 

1.05 

1.1 

1.09 

.615 

.34 

.52 

0.041 

0.011 


Carbon. 


88.87 
86.48 
84.67 
85.45 
79.83 
80.82 
75.94 
87.27 
90.69 
91.08 
94.66 
87.46 


Sulphur.  Ash. 


1.182 

1.049 

1.87 

1.45 

2.13 

2.12 

.67 
2.21 
2.37 

.78 
0.59 
0.69 


8.993 

11.213 

12.63 

11.08 

15.75 

15.78 

21.75 

12  11 

8.96 

7.51 

3.37 

11.32 


Chemist. 


McCreath. 


Morrell. 

McCreatI) 
Morrell. 
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NOTES  ON  THE  SELECTION   OF  IBON-ORES,  LIMESTONES 
AND  FUELS  FOR  THE  BLAST-FURNACE. 

BY  FRED.   W.    GORDON,   PHILADELPHIA,    PA. 

(Baltimore  Meeting,  February,  1892.) 

Apart  from  the  character  of  pig-iron  to  be  manufactured,  other 
than  that  it  shall  be  well  reduced  and  open-grained,  the  selection' of 
the  materials  should  be  such  as  to  produce  it  at  the  lowest  cost.  As 
a  rule,  the  sources  of  fuels  and  limestones  are  not  so  extensively  va- 
ried as  those  of  the  ores.  Many  Eastern  furnaces  are  now  using 
Lake  Superior  ores,  and  but  recently  a  part  of  the  supply  came  from 
foreign  ports.  It  is,  however,  of  the  highest  importance  that  the 
character  of  fuels  and  limestones,  as  well  as  ores,  should  be  carefully 
considered  in  determining  their  value  and  making  judicious  selection 
among  those  available. 

The  formulas  here  offered  are  based  upon  the  assumption  that  the 
heat-requirements  for  a  given  mixture  are  measured  by  a  constant 
required  by  the  oxide  of  iron,  added  to  that  required  for  a  unit  of 
slag,  multiplied  by  the  weight  of  that  slag  per  unit  of  iron.  The 
heat-requirements  for  oxide  of  iron  per  unit  of  pig-iron  made  are 
assumed  to  be  2854  centigrade  units.  This  is  taken  from  the  care- 
ful analysis  of  Sir  Lowthian  Bell,  and,  so  far  as  the  writer  is  able  to 
determine,  is  very  nearly  correct.  Dividing  this  by  the  quantity  of 
heat  that  may  be  evolved  and  utilized  within  the  furnace  per  unit  of 
carbon,  determines  the  quantity  of  carbon  required  per  unit  of  pig- 
iron  ;  and  if  to  this  be  added  the  quantity  of  carbon  absorbed  by  the 
pig-iron,  the  total  requirements  in  carbon  are  determined,  on  the 
assumption  that  pure  oxide  of  iron  is  reduced  with  pure  carbon  by 
the  ordinary  process  of  the  blast-furnace.  Calculating  the  quantity 
of  slag  that  would  be  made  from  a  given  mixture  of  ores,  smelted 
with  a  given  impure  fuel  and  fluxed  with  a  given  impure  limestone, 
multiplying  this  weight  of  slag  by  the  heat-requirements  of  its  unit 
(taken  at  1050  C.  H.  U.),  and  dividing  the  product  by  the  heat-units 
evolved  and  utilized  within  the  furnace  per  unit  of  carbon,  will  deter- 
mine the  quantity  of  carbon  required  per  unit  of  pig-iron  for  the  slag. 
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This  added  to  the  former  quotient  gives  the  total  requirements  in 
carbon,  and  this  divided  by  the  per  cent,  of  carbon  in  the  fuel  used 
gives  the  weight  of  fuel  required  per  unit  of  pig-iron.  It  is  assumed 
that  the  same  quantity  of  heat  will  be  absorbed  in  the  disassociation 
of  all  oxides  of  iron  ;  that  the  slag  will  be  kept  as  nearly  constant 
in  composition  as  practicable,  at  least,  having  the  sum  of  the  silica 
and  alumina  equal  to  the  sum  of  the  lime  and  magnesia;  and  that 
the  furnace- manager,  in  selecting  his  materials,  will  guard  against 
excessive  sulphur.  It  is  the  belief  of  the  writer  that  the  great  diffi- 
culty that  has  been  experienced  in  treating  some  ores  is  due  to  other 
unfavorable  conditions  rather  than  to  the  fact  that  any  one  ore  would 
require  a  considerable  quantity  of  heat  more  than  another,  aside  from 
the  heat  required  by  a  larger  weight  of  slag  produced. 

The  rules  and  examples  here  given  are  calculated  for  blast-furnaces 
where  the  blast  is  heated  from  1300  to  1500  degrees  Fahr.,  and  for 
such  quantities  of  sulphur  as  are  usually  found  in  our  coke  aud  an- 
thracite practice. 

Should  it  be  wished  to  apply  the  rules  to  cases  of  lower  blast- 
temperature,  the  divisor  4600  here  employed  must  be  reduced.  It 
is  not  practicable  to  give  divisors  for  all  temperatures  of  blast ;  but 
the  writer  is  fully  convinced,  that  where  the  conditions  are  correct, 
the  loss  in  the  quantity  of  heat  utilized  within  the  furnace  per  unit 
of  carbon,  when  using  the  blast  at  lower  temperatures,  will  only  be 
that  abstracted  from  the  blast.  But  it  will  be  found  that  only  when 
the  slag  has  a  low  fusion-point  and  the  furnace  is  high,  can  the  very 
best  results  be  obtained  in  using  blast  at  atmospheric  temperatures. 
A  demonstration  of  this  proposition  is  found  in  the  results  of  a  cold- 
blast  charcoal  furnace,  60  feet  in  height,  in  which  good  gray  car- 
wheel  iron  was  manufactured,  with  blast  at  atmospheric  temperatures, 
with  2300  pounds  of  weighed  charcoal  to  the  ton  of  pig-iron.  When 
other  ores  were  used,  slightly  increasing  the  fusibility  of  the  slag,  the 
grade  of  iron  dropped  at  once. 

The  quantity  of  work  done  by  the  carbon  charged  in  that  case  was 
found  by  calculation  to  be  equal  to  the  very  best  record  of  furnaces 
using  superheated  blast;  the  difference  in  fuel-consumption  being 
only  that  quantity  of  carbon  which  would  furnish  in  one  case  the 
extra  heat  carried  in  the  other  cases  by  the  blast. 

The  figure  4600  given  in  these  rules  as  the  heat  utilized  within 
the  furnace  from  a  unit  of  carbon  burned  is  taken  from  careful  calcu- 
lations, and  is  believed  to  be  what  can  be  actually  expected  under 
good  management.     The  very  best  result  that  has  come  under  the 
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writer's  observation  was  better  than  4900  centigrade  units,  or  about 
equal  to  62  per  cent,  of  the  total  heat  to  be  derived  from  the  com- 
bustion of  carbon.  And  we  may  incidentally  remark  that,  as  the 
remainder  of  the  heat  is  more  or  less  completely  utilized  in  driving 
the  blowing-engines,  hoisting  the  material,  pumping  water,  etc.,  the 
best  furnace-practice  certainly  leaves  very  little  to  be  desired  in  the 
way  of  fuel-economy.  Our  friends  who  still  believe  in  the  superior 
efficiency  of  a  direct  process  should  remember  what  a  small  margin 
they  have  for  possible  economic  improvement.  A  more  promising 
field  is  presented,  for  instance,  by  the  steam-engine,  from  which  we 
rarely  get  more  than  one-tenth  of  the  dynamic  energy  of  the  fuel, 
while,  in  the  blast-furnace,  we  certainly  obtain,  under  the  best  condi- 
tions, fully  75  per  cent. 

Since  ores  are  often  gathered  in  the  stock-houses  of  our  eastern 
furnaces  from  a  range  of  territory,  extending  from  our  great  lakes 
to  the  northern  coast  of  Africa,  it  is  important  to  have  some  criterion 
for  careful  selection.  With  pure  and  cheap  fuel,  there  is  not  the 
same  necessity  for  the  selection  of  high-grade  ores.  As  the  fuel 
deteriorates  in  quality  or  increases  in  cost,  and  more  especially  when 
both  of  these  disadvantageous  conditions  arise,  the  purity  of  the 
ore  will  more  largely  affect  the  cost  of  pig-iron.  In  the  same  way, 
but  to  less  extent,  the  purity  of  the  limestone  to  be  used  as  flux  affects 
the  value  of  the  ore.  It  is  necessary,  therefore,  in  making  a  calcula- 
tion looking  to  the  selection  of  ores,  that  the  character  of  the  fuel 
and  limestone,  and  their  cost  laid  down  in  the  stock-house  should  be 
first  determined.  If,  on  the  other  hand,  a  given  ore  and  limestone 
are  to  be  used,  and  their  composition  and  cost  has  been  accurately 
determined,  the  selection  of  the  fuel  becomes  a  matter  of  easy  calcu- 
lation. 

It  is  probably  better  for  such  purposes  to  consider  as  the  cost  of 
an  ore  the  total  cost  chargeable  to  that  ore  per  unit  of  pig-iron  when 
it  reaches  the  condition  of  pig-iron,  including  the  cost  of  the  lime- 
stone (namely,  its  purchase,  its  hauling,  and  the  cost  of  the  fuel 
required  by  reason  of  the  presence  of  its  gases  and  earthy  impurities) 
and  the  cost  of  the  fuel  (namely,  its  cost  laid  down  in  the  stock- 
house,  together  with  the  cost  of  handling  it,  that  of  the  limestone 
required  to  flux  its  impurities,  and  of  the  fuel  required  to  melt  them, 
or  to  melt  the  slag  they  form). 

Each  rule  is  followed  by  an  example.  The  problems  treated 
begin  with  the  efficiency  of  the  limestone,  and  proceed  to  the  weight 
of  the  limestone  required  either  for  an  ore  or  a  fuel,  the  weight  of 
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the  slag  due  to  the  impurities  of  the  ore,  the  limestone  and  the  fuel, 
the  carbon  required  per  unit  of  slag,  the  carbon  per  unit  of  pig-iron, 
the  available  carbon  of  the  fuel,  the  fuel  required  per  unit  of  pig- 
iron,  and  the  manufacturing  cost,  which  is  divided  (or  attempted  to 
be  divided)  so  that  each  of  the  different  materials  according  to  its 
degree  of  purity,  would  bear  its  proper  proportion  of  this  cost.  With- 
out considering  the  manufacturing  cost  the  relative  value  of  materials 
could  not  be  closely  determined.  The  examples  end  with  a  calcula- 
tion of  the  cost  of  the  pig-iron  based  upon  the  purchase-price  of  the 
materials,  with  the  actual  cost  of  manufacturing  and  the  calculated 
cost  of  the  materials,  as  if  smelting  pure  oxide  of  iron  with  pure 
carbon.  The  results  tally.  The  value  of  the  extra  quantity  of  fuel 
(over  the  carbon)  required,  smelting  the  extra  quantity  of  impure 
ore,  and  the  cost  of  the  limestone  with  all  the  extra  labor  entailed, 
is  merged  into  the  cost  of  the  materials. 

By  making  a  calculation,  as  herein  outlined,  for  any  materials 
within  reach,  the  furnace-manager  will  at  once  see  what  selections 
should  be  made  to  yield  him  the  cheapest  product. 

This  paper  does  not  necessarily  involve  discussion  of  the  composi- 
tion of  slags,  since  any  given  composition  of  slag  may  be  introduced 
into  the  calculation.  The  writer  would  merely  say,  therefore,  that 
so  far  as  he  can  judge  from  experience  and  observation,  the  composi- 
tion upon  which  the  following  rules  are  based  is  (all  around)  the 
best  he  has  met  with  in  smelting  iron-ores  with  the  usual  mineral 
fuels  of  the  country,  where  the  proportion  of  sulphur  is  not  exces- 
sive. Should  the  proportions  of  magnesia  or  alumina,  however,  be 
abnormal,  or,  worse  still,  should  both  of  these  ingredients  be  present 
in  high  proportion,  the  quantity  of  fuel  indicated  by  these  calcula- 
tions will  be  found  insufficient  for  good  open-grained  iron. 

As  to  sulphur,  it  is  believed  that  when  the  usual  amount  of  1  per 
cent,  (or  rather  less)  in  the  fuel  is  not  exceeded,  this  composition  of  slag 
will  be  eminently  satisfactory.  A  somewhat  more  acid  composition 
perhaps  might  be  economical  where  the  amount  of  slag  is  large. 
Phosphorus  is  not  here  considered,  as  the  present  calculation  has 
reference  only  to  the  quantity  of  fuel  required,  the  wear  and  tear, 
and  the  labor,  as  affecting  cost  of  production,  which  phosphorus,  as 
a  rule,  does  not  aflPect. 

Touching  the  manufacturing-cost,  it  is  assumed  that  the  material 
is  d^ivered  on  cars  in  the  stock-house;  and  at  that  point  these 
calculations  commence.  The  stock-house  expense,  including  charging, 
is  distributed  in  proportion  to  the  weight  of  material  handled  ;    the 
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stock-house  expense  attending  the  manufacture  of  a  ton  of  pig  iron 
from  an  oxide  of  iron  with  carbon  being  the  handling  of  1|^  tons  of 
oxide  plus  0.66  ton  of  carbon,  total  2.09  tons;  and  the  balance  of 
such  ex})euse  being  chargeable  to  the  slag.  The  other  furnace-labor 
directly  affected  by  the  product,  apart  from  technical  economy,  com- 
prises the  expense  of  keepers,  breakers,  carriers,  graders  and  loaders, 
all  of  which  is  directly  chargeable  to  the  pig ;  the  pay  of  gutter- 
men  and  all  other  cost  in  moving  and  disposing  of  the  slag  being 
chargeable  to  the  slag. 

The  blast  necessary  to  burn  0.66  ton  of  carbon  will  make  a  ton 
of  pig-iron  from  pure  oxide  of  iron,  and  any  additional  blast  that 
may  be  required  is  chargeable  to  the  slag.  The  combustion  of  this 
0.66  ton  carbon  in  producing  a  ton  of  pig-iron  will  generate  the 
2854  heat-units  required,  and  the  additional  blast,  consuming  the 
additional  fuel,  must  generate  the  1050  heat-units  per  unit  of  slag 
made,  the  blast-requirements  being  proportional  to  the  heat-require- 
ments. Multiplying  these  1050  heat-units  for  the  slag  by  its  weight 
per  ton  of  pig,  and  adding  this  product  to  2854,  the  proportion  which 
this  sum  will  bear  to  either  of  the  items  composing  it  will  give  a 
ratio  for  dividing  the  manufacturing-cost  into  the  proper  amounts 
chargeable  to  the  pig  and  to  the  slag  respectively.  In  the  example 
given  below  the  total  expense  is  83.00  per  ton.  As  there  is  0.75  ton 
of  felag  made  per  ton  of  pig,  0.75  X  1050  should  be  added  to  2854, 
giving  a  total  of  3641 ;  and  this,  divided  into  2854  times  $3.00, 
gives  $2.35  for  the  pig,  leaving  65  cts.  for  the  slag.  The  relative 
proportions  of  labor  and  expense,  however,  having  been  found  in 
practice  rather  higher  than  this  ratio,  the  rule  was  adopted  which 
gives  upon  this  quantity  of  slag,  §2.24  for  the  pig  and  76  cts.  for  the 
slag.  Individual  managers  can  go  through  this  more  exhaustively, 
each  taking  his  own  particular  furnace,  and  correcting  the  rule  to 
suit  his  conditions.  I  would  say,  however,  that  for  .safety  in  estimat- 
ing profits,  it  would  be  well  to  rate  the  cost  somewhat  above  the 
actual  figures  shown  by  the  books. 

The  fuel-consumption  and  the  quantity  of  blast  being  measured 
by  the  heat-requirements,  these  requirements  are  a  measure  of  fur- 
nace-capacity;  for  a  modern  blast-furnace  is  limited  in  product  by 
its  capacity  to  furnish  and  heat  the  blast.  Consequently,  the  heat- 
requirements  ailect,  in  due  proportion,  all  fixed  expense.  It  is  rea- 
sonable to  assume  that  the  wear  and  tear  of  the  furnace-lining  is 
pro[)ortioned  to  the  quantity  of  lieat  generated  in  it,  and  on  this 
assumption  the  cost  is  chargeable  as  above.     I  am  not  inclined   to 
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believe  that  abrasion  is  the  chief  active  agent  in  the  destructiou  of 
linings. 

On  the  supposition  that  the  fixed  expenses,  the  wear  and  tear  and 
renewals  throughout,  the  supervision  of  the  engines  and  boilers,  etc., 
are  all  chargeable  in  proportion  to  the  heat-requirenients  of  the  slag 
and  the  pig,  and  to  the  labor  about  the  furnace,  divided  in  propor- 
tion to  the  amount  of  material  to  be  handled,  the  rules  here  given 
will  be  nearly  correct  for  the  distribution  of  the  entire  manufacturing- 
cost. 

Some  of  the  rules  might  have  been  omitted,  but  it  was  thought 
that  if  all  were  given  they  would  be  more  readily  understood  and 
applied,  and  could,  at  the  same  time,  be  modified  to  suit  conditions 
other  than  those  assumed  in  the  examples.  It  is  believed  that  the 
rules  will  not  be  difficult  of  application  if  the  composition  of  the 
different  materials  be  set  dowi^i  in  tabulated  form,  and  tiie  results  of 
one  calculation  after  another  be  entered.  The  rules  bear  upon  each 
other,  and  the  calculations  involved  include  some  of  those  which  are 
always  necessary  in  furnace-practice,  and  hence  do  not  involve  extra 
work.  All  the  results  can  be  put  in  compact  and  comprehensive 
form  for  ready  reference,  and  will  be  good  for  all  time,  except  so  fiir 
as  improvements  in  blast-furnace  practice  may  modify  the  data  of 
manufacturing-cost  and  fuel-consumption.  Moreover,  after  making 
these  calculations  for  a  considerable  number  of  materials,  one  can 
judge  very  closely,  by  simple  inspection  and  analogy,  the  value  of 
other  materials  presented  for  consideration. 

At  all  events,  the  writer  has  found  these  rules  extremely  conve- 
nient in  facilitating  the  choice  of  materials,  having  been  practically 
unable,  in  many  instances,  before  he  had  compiled  them,  to  decide 
positively  among  different  ores,  etc.,  offered.  In  the  belief  that  for- 
mulas of  this  nature,  based  on  average  conditions  and  reasonable 
assumptions,  however  open  to  theoretical  criticism  in  minute  details, 
will  be  useful  to  iron-masters  in  their  daily  work,  these  results  of 
study  and  practice  are  submitted. 

Rules. 

I.   To  Determine  the  Eficiency  of  a  Limestone. — From  the  sum  of 
the  lime  and  magnesia,  deduct  the  sum  of  the  silica  and  alumina. 
Example. — The  limestone  containing: 

CaO.  MgO.  SiOo.  AljO^ 

.50  .025  .03  .01 
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Then  (.50  +  .025)  —  (.03  +  ,01)  =  .485. 

II.  To  Determine  the  Weight  of  Limestone  Required  to  Flux  the 
Unit  of  a  Given  Ore. — From  the  sum  of  the  silica  and  alumina  in 
the  ore,  deduct  the  sum  of  the  lime  and  magnesia,  and  divide  the 
remainder  by  the  figure  representing  the  efficiency  of  the  lime- 
stone. 

Example. — The  limestone  being  as  in  the  preceding  example,  and 
the  ore  containing : 

Fe.  Si02.  AI2O3.  CaO.  MgO. 

.55  .103  .026  .028  .019 

r^^_^^^^  (.103  +  .026)  — (.028  +  .019)  _  -082  _  ^^ 
.485  .485 

III.  To  Determine  the  Weight  of  Pure  Lime  Required  to  Flux  the 
Unit  of  a  Given  Ore. — From  the  sum  of  the  silica  and  alumina  in 
the  ore,  deduct  the  sum  of  the  lime  and  magnesia. 

Example.— T\\Q  ore  being  as  above,  .103  +  .026  —  (.028  -f  .019) 
=  .082. 

IV.  To  Determine  the  Weight  of  Limestone  Required  for  the  Unit 
of  a  Given  Fuel. — From  the  sum  of  the  silica  and  alumina  of  the 
ash  of  the  fuel,  deduct  the  sum  of  the  lime  and  magnesia;  divide 
the  remainder  by  the  efficiency  of  the  limestone,  and  multiply  the 
quotient  by  the  ash  of  the  fuel. 

Example. — The  fuel  containing  carbon,  .85,  and  ash,  .11;  and 
the  constituents  of  the  ash  being : 

SiO».  AI2O3.  CaO.  MgO. 

.53  .28  .02  .01 

Limestone,  as  before. 

Then  (.53  +  .28)  —  (.02  +  .01)  =  .78  ;  .78  ^  .485  =  1.608  ; 
1.608  X  .11  ==.177. 

V.  To  Determine  the  Weight  of  Pure  Lime  Required  to  Flux  a 
Given  Fuel. — From  the  sum  of  the  silica  and  alumina  of  the  ash 
deduct  the  sum  of  the  lime  and  magnesia,  and  multiply  by  the  per- 
centage of  ash. 

Example. — Fuel  as  before. 

Then  (.53  +  .28  —  [.02  +  .01])  X.ll  =  .0858. 

VI. —  To  Determine  the  Weight  of  Slag  Due  to  the  Impurities  of  a 
Unit  of  Limestone. — From  the  sum  of  the  lime,  magnesia,  silica,  and 
alumina  of  the  limestone,  deduct  its  efficiency,  and  add  5  per  cent, 
to  the  remainder. 
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Example. — Limestone,  as  before. 

Then  (.50  +  .025  -f-  .03  +  .01)  —  .485  =  .08  ;  0.8  +  5  per  cent. 
=  .0804. 

VII.  To  Determine  the  Weight  of  the  Slag  Ihi.e  to  the  Impurities  of 
a  Limestone  Per  Unit  of  its  Effi.ciency. — Divide  the  slag  found  under 
Rule  VI.  by  the  efficiency. 

Example.— mOA  -4-  .485  =  .1658. 

VIII.  To  Determine  the  Weight  of  the  Slag  Due  to  the  Impurities 
of  Fuel  Per  Unit  of  Fuel  tohen  Fluxed  with  a  Given  Limestone. — 
Multiply  the  sum  of  the  silica,  alumina,  lime,  and  magnesia  of  the 
ash  of  the  fuel  by  the  percentage  of  ash.  Add  to  this  the  sum  of 
the  silica,  alumina,  lime,  and  magnesia  per  unit  of  limestone,  mul- 
tiplied by  the  weight  of  limestone  required  for  this  fuel,  and  to  the 
sum  add  5  per  cent. 

Example. — Fuel  and  limestone  as  before. 

Then  (.53  +  .28  +  .02  +  .01)  X  .11  +  (.50  -f  .025  +  .03  +  .01) 
X  .1-77  =  .1924;  .1924  +  5  percent.  =  .202. 

IX.  To  Determine  the  Weight  of  the  Slag  Due  to  the  Impurities  of  a 
Fuel  when  Flu.ved  with  Pure  Lime. — Multiply  the  sum  of  the  silica 
and  alumina  of  the  ash  by  2,  add  5  per  cent.,  and  multiply  by  the 
percentage  of  ash  in  the  fuel. 

Example. — Fuel  and  slag  as  above. 

Then  (.53  +  .28)  X  2  X  .11  +  5  per  cent.  =  .1871. 

X.  To  Determine  the  Weight  of  the  Slag  Due  to  the  Impurities  of  an 
Ore  and  Limestone  Per  Unit  of  Ore. — To  the  silica,  alumina,  lime, 
and  magnesia  of  the  ore,  add  the  sum  of  the  same  constituents  per 
unit  of  limestone,  multiplied  by  the  weight  of  limestone  required, 
and  add  5  per  cent. 

Example. — Material  as  above. 

Then  (.103  +  .026  +  .028  +  .019)  +  (.50  +  .025  +  .03  +  .01) 
X  .17  =  .271  ;  .271  +  5  per  cent.  =  .285. 

XI.  To  Determine  the  Weight  of  the  Slag  Due  to  the  Impurities  of 
an  Ore  Per  Unit  of  its  Peroxide  of  Iron. — Divide  the  weight  of  slag, 
found  by  Rule  X,  by  ten-sevenths  of  the  iron  in  the  ore. 

Example. — Material  as  above. 
Then,  .285  -^  (.55  X  V")=  -363. 

XII.  To  Determine  the  Weight  of  the  Slag  Due  to  the  Impurities 
of  an  Orcivhen  Fluxed  with  Pure  Lime. — ^lultiply  the  sum  of  the 
silica  and  alumina  by  2,  and  add  5  per  cent. 

Example. — Material  as  above. 

Then  (.103  +  .026)  X  2  +  5  per  cent.  =  .271. 
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XIII.  To  Determine  the  Weight  of  the  Slag  Due  to  the  Impurities 
of  an  Ore  Per  Unit  of  its  Iron. — Divide  tlie  slag  found  by  Rule  X. 
by  the  iron  in  the  ore. 

Example— .2So  ^  .55  =  .£18. 

XIV.  To  Determine  the  Carbon  Required  Per  Unit  of  Stag. — Di- 
vide the  furnace-requirements  of  caloric  per  unit  of  slag  by  that 
which  may  be  expected  from  a  unit  of  carbon  in  the  furnace. 

T-,  ,       1050  caloric  required  per  unit  of  slasr. 

JbxampLe. — *         ^  .      „       , 

4600  caloric  expected  per  unit  of  carbon. 

Then,  1050  --  4600  =  .228. 

XV.  To  Determine  the  Carbon  Required  per  Unit  of  Pig-iron. — 
Divide  the  furnace-requirements  of  caloric  per  unit  of  pig-iron  made 
from  pure  oxide  of  iron,  with  pure  carbon  as  fuel,  by  that  which  may 
be  expected  from  a  unit  of  carbon  in  the  furnace  and  add  .04. 

Example. — 2854  heat-units  being  required  per  unit  of  pig,  ||g^ 
=  .6204;  .6204  +  .04  =  .6604. 

XVI.  To  Determine  the  Available  Carbon  of  a  Fuel. — Multij)ly 
the  slag  due  to  the  imi)urities  (Rule  VIII.)  by  .228  (Rule  XIV.), 
and  deduct  the  product  from  its  per  cent,  of  fixed  carbon. 

Example.— .101  X  .228  =  .046  ;  .85  —  .046  =  .804. 

XVII.  To  Determine  the  Fuel  Required  for  a  Unit  of  Slag. — 
Divide  .228  by  the  available  carbon  of  the  fuel. 

Example.~.228  --  .804  =  .285. 

XVIII.  To  Determine  the  Fuel  Required  Per  Unit  of  Pig-Tron. — 
Divide  .66  by  the  efficiency  of  the  fuel  (Rule  XVI.). 

Example.— M  -^  .804  =  .821. 

XIX.  To  Determine  the  Fuel  Required  Per  Unit  of  Pig-Tron  from 
a  Given  Iron-Ore,  Limestone  and  Fuel. — x4.dd  together  the  slag  due 
to  required  weights  of  ore  and  limestone,  and  multiply  the  sum  by 
.228;  to  the  product  add  .6604,  and  divide  the  sum  by  the  efficiency 
of  the  fuel. 

Example. — Materials  as  above. 

Ore  required  at  55  per  cent.  =  1.818. 

Slag  due  to  ore  (example  given  above)  1.818  X  .285  =  .51-8. 

Slag  due  to  limestone  .17  X  1.818  =  .309  ;  309  X  .0804  =  .0248. 

(.518  +  .0248)  X  .228  =  .1238. 

(.1 238  4-  .6604)  --  .804  =  .975,  the  fuel  required. 

XX.  The  3Iauufacturing-  Cost  of  Pig-iron  Made  having  been  A  Dol- 
lars, and  the  Weight  of  the  Slag  to  the  Unit  of  Pig-iron  having  been 
B  ;  to  Determine  the  Manufaeturing-Cost  per  Unit  of  Slag  and  Unit 
of  Iron. — Multiply  B  by  .45  and  add  1 ;  divide  this  sum  into  cost  A, 
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and  the  quotient  will  be  the  cost  per  ton  of  pig.  Deduct  this  cost 
of  the  pig  from  the  total  A,  and  the  remainder  will  be  the  cost  of 
the  slag.  Divide  this  cost  by  the  weight  of  the  slag  and  the  quotient 
will  be  the  cost  per  unit  of  the  slag. 

Example. — Manufacturing-cost  from  last  year's  operations,  $3.00 
per  ton  of  pig-iron  ;  w^eight  of  slag  .750  to  1  of  pig-iron. 

Then,  .75-4  x  .45  -f  1  =  1.339  ;  ^.3339  =  12.24  =  cost  of  pig, had 
it  been  made  from  pure  oxide  with  carbon. 

S3.00  —  2.24  =  76  cents,  cost  of  slag  per  ton  of  pig. 

$76  -r-  75=  $1.01,  cost  per  ton  of  slag. 

XXI.  To  Determine  the  Weight  of  Slag  to  the  Unit  of  Pig-Iron. — 
Add  the  weight  of  slag  from  limestone,  multiplied  by  the  required 
quantity  for  both  ore  and  fuel,  to  the  weight  of  slag  from  the  ore, 
multiplied  by  the  weight  of  ore  used,  and  add  to  the  sum  the  weight 
of  slag  from  the  fuel,  multiplied  by  the  weight  of  the  fuel  used. 

Example. — Materials  as  above. 

Then,  .0804  X  (.177  X  .975  +  .17  X  1.818)  =  .0386 ;  1.818  X 
.285  =  .518  ;  .975  X  .202  =  .197 ;  .0386  +  .518  +  .197  =  .754. 

XXII.  To  Determine  the  Value  of  Pare  Carbon  from  the  Cost  of 
the  Fuel  and  the  Cost  Incurred  by  its  Impurities  : 


Divide  the  price  of   the    fuel    bj  its  available    carbon, 

$4.00 -r- .804 =54.97.5 

Add  thecostof  the  limestone  required  (IV.)  .177  -f-  (XVI.) 

.804  X  $1.25 =      .275 

Add  the  manufacturing-cost  of  the  slag  for  the  fuel  and 
limestone  per  unit  of  available  carbon  (VIII.)  .202  X 
(XX.)1.0I-i.(XVI.).804 .254 

§5.504 

XXIII.    To  Determine  the  Value  of  Pure  Lime  from  the  Cost  of 
the  Limestone  and  the  Cost  Incurred  by  its  Impurities : 

Divide    the    cost    of     the    limestone    by    its    efficiency, 

.$1.25 -4- (I.)  .485 $2,577 

Add  the  cost  of  the  carbon  required  by  its  impurities 
[XL)  .0804  X  (XIV.)  .228-1-  (I.).  "  485  X  (XXII.) 
S5..504 .208 

Add  the  manufacturing-cost   per  unit  of  efficiency  (VI.) 

.0804  X  (XX.)  $1.01  ^  .485 .165 

$2,950 
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XXIV.  To  Determine  the    Value  of  Pure  Oxide  of  Iron  from  the 
Cost  of  an  Ore  and  the  Cost  Incurred  by  its  Impurities : 

Divide  the  price  of  the  ore  by  the  percentage  of  its  oxide 

ofiron  ($3.00-f-.o5)H--V =$3,818 

Add  the  value  of  the  carbon  required  by  the  impurities  of 
the  ore  per  unit  of  oxide  (XII.)  .271 -i-. 785  X  (XIV.) 
.228  X  (XXII.)  $5.504 =      .433 

Add  cost  of  lime  required  by  the  impurities  of  the  fuel  per 

unit  of  the  oxide  (V.)  .0858  --  .785  X  (XXIII.)$2.95     .     =      .322 

Add  manufacturing-cost  for  the  slag  per  unit  of  the  oxide 

(XII.)  .271 --.785  X  (XX.)  $1.01 =      .348 

$4,921 

XXV.  Cost  of  the  Pig,  Assuming  the   Calculated  Values  for  the 
Pu7'e  Materials  : 

'Y  tons  of  oxide  of  iron,  at  (XXIV.)  $4,921          .         .        .     =  $7.03  • 
(XV.)  .6604  tons  of  carbon,  at  (XXII.)  $5,504     .         .        .     =3.63 
Manufacturing-cost  (XX.) =    2.24 

$12.90 

XXVI.   Cost  Calculated  in  the  Usual  Way  : 

(XIX.)  1.818  tons  of  ore,  at  $3.00 =$5,454 

.975  tons  of  fuel,  at  $4.00 =   3.900 

(II.  and  IV.)  .48  tons  limestone,  at  $1.25    .         .        .         .  ^      .600 

Manufacturing-cost 3.000 

112.954 
Difference $  .054 


THE  DESTLVERIZATION  OF  LEAD-SLAGS. 

BY   H.    A.    KELLER,    BUTTE,    MONTANA. 
(Baltimore  Meeting,  February,  1892.) 

After  an  absence  of  over  two  years,  the  writer  returned  to  Lead- 
ville  in  March,  1890.  The  change  which  had  taken  place  in  the 
conditions  of  smeltino;  during;  so  short  a  time  seemed  almost  incredi- 
ble.  Lead-carbonates  had  been  still  further  replaced  by  refractory 
sulphides,  and  clean  dry  ores  had  been  crowded  out,  to  a  large  ex- 
tent, by  magnesian  "  fines," 
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The  same  furnaces  which,  in  1887,  had  averaged  with  ease  160 
charges  daily  (of  800  pounds  ore  and  lime),  and  had  made  clean 
slags,  could  now  put  through  scarcely  50  per  cent,  of  their  former 
tonnage.  Several  thousand  tons  of  rich  slag  had  alreadv  been  ac- 
cumulated,  owing  to  the  large  amount  of  impurities — notably  zinc 
— contained  in  the  ores,  and  to  a  correspondingly  rapid  falling-off  of 
that  valuable  ingredient,  lead. 

After  many  trials,  it  proved  impossible,  under  the  circumstances, 
to  avoid  rapidly  adding  to  this  undesirable  stock,  without  resorting 
to  treatment  in  a  separate  furnace.  As  early  as  1888,  the  writer  had 
desilverized  rich  slag-shells  in  a  furnace  without  crucible.  At  that 
time,  by  reason  of  the  small  percentages  of  zinc,  a  mere  re-smelting 
with  the  addition,  when  practicable,  of  small  amounts  of  copper- 
sulphides  or  oxides,  was  found  amply  sufficient. 

A  large  proportion  of  zinc  causes  the  molten  matte  to  be  mushy, 
and  also  decreases  its  specific  gravity.  This  circumstance  increased 
the  difficulty  of  the  Leadville  problem.  Determinitions  made 
while  slag-assays  ran  high  showed  the  specific  gravity  of  the  matte 
to  fall  as  low  as  4.5,  while  the  slag  reached  3.75.  The  conse- 
quently unavoidable  imperfect  separation  could  be  rendered  com- 
plete only  by  producing  a  liquid  slag  together  with  additional  quan- 
tities of  heavy  matte.  With  this  view,  pyritic  smelting  was  first 
tried,  with  fair  success.  But  not  until  the  introduction  of  copper, 
were  really  satisfactory  results  obtained.  I  give  below  the  record  of 
a  run  made  in  January,  1891  : 

Smelted  : 

Pyritic  ores,  .         .         83  tons. 
Copper  ores,  .         ,      319     " 

Total  ore,       .         .       402  tons,  containing  4447  oz.  Ag  and  40  tons  Cu. 
Slag,       .         .        .     3107     " 

Grand  total,  .         .     3509  tons  material  (113  tons  daily). 

Coke  used,      .        .  §3072,  being  384  tons  at  $8  =  10.9  per  cent. 
Labor,    .        .         .     2077 


Direct  expense,      .  $5149,  or,  §1.47  per  ton. 

Produced  : 

Matte :  186  tons,  containing  17,350  oz.  Ag  and  37  tons  Cii  (=r  20  per 

cent.  Cn). 
Average  of  resulting  slag:  Ag  =  0.785  oz.  per  ton  ;  SiO.,  =  33.3  per 

cent. 

Other  runs  gave  similar  results;  the  desilverized  slag  averaging 
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as  low  as  0.76  oz.  Ag  per  ton.  Since  the  supply  of  pyritic  and 
copper  ores  was  limited,  they  were  at  times  replaced  with  siliceous 
ores  averaging  71  per  cent.  SiOj.  All  the  results  proved  the  ad- 
visability of  desilverizing  many  slags  which  it  had  heretofore  been 
customary  to  consider  as  refuse. 

Of  the  17,350  oz.  Ag  contained  in  the  resulting  copper  matte, 

4,225    "    represent  95  per  cent,  of  tiie  Ag  in  the  ores,  and 


13,125  oz.  Ag  were  obtained  from  the  slag. 

As  it  is  likely  that  about   3200  tons   of  slag  were  produced,  the 
original  slag  must  have  contained  : 

13,125  oz.  Ag  obtained  in  matte. 
2,512      "       thrown  over  in  slag. 
823      ''       an  extra  allowance  of  5  per  cent,  metallurgical  loss. 


16,460  oz.  Ag,  or  5.3  oz.  per  ton,  80  per  cent,  of  which  was  saved. 

Yet  the  above  percentage  of  10.9  is  but  little  over  half  that  in 
the  regular  ore-furnaces,  principally  on  account  of  the  ready  fusi- 
bility of  slags,  and,  in  part,  of  the  heat  furnished  by  the  sulphides. 

The  amount  of  labor  given  above  comprised  (besides  some  extras 
for  temporary  help)  a  regular  force  for  every  24  hours  of  2  feeders, 
4  wheelers,  2  furnace-men,  6  slag-pullers,  and  7  roustabouts. 

On  account,  as  is  supposed,  of  the  altitude  of  Leadville,  the  fuel- 
consumption  in  blast-furnaces  there  is  exceptionally  large. 

The  furnace  used  for  the  purpose  was  one  of  the  regular  36  by  80- 
inch  lead-furnaces.  Its  crucible  was  filled  by  tamping  with  a  mix- 
ture of  sand  and  loam,  on  top  of  which  one  course  of  fire-brick  was 
laid  edgewise.  The  tap -jacket  was  provided  with  two  tapering  open- 
ings (1|  inches  in  diameter  at  the  small  end),  the  centers  of  which 
were  4  inches  apart.  The  3-inch  tuyeres  were  raised  so  as  to  bring 
the  line  of  their  centers  about  15  inches  above  the  upper  tap-hole. 

From  the  latter  the  slag  ran,  almost  continuously,  overflowing 
into  slag-pots  through  a  settler.  The  latter  was  changed  hourly; 
and,  during  this  operation,  the  blast  was  cut  off  and  the  furnace 
was  relieved  of  all  its  matte  by  tapping  through  the  lower  opening 
directly  into  three  or  four  slag-pots,  in  which  it  was  then  allowed  to 
cool.  From  the  cold  cones  the  matte  was  broken  and  added  to  that 
obtained  in  the  settlers,  which,  for  more  convenient  handling,  were 
also  emptied  and  cooled  in  small  pots.    The  regular  blast,  which  was 
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varied  in  accordance  with  the  running  of  the  furnace,  averaged 
about  f-pound  pressure  per  square  inch.  This  slag-run  extended 
through  a  number  of  months  with  great  regularity,  necessitating 
practically  no  stoppages  or  repairs. 

Under  different  circumstances,  many  improvements  might  be  sug- 
gested which  would  still  further  reduce  expenses.  For  example, 
automatic  feeding,  and  better  facilities  for  removing  the  refuse;  a 
continuous  slag-flow  by  trapping  the  blast,  together  with  a  heavily- 
lined,  large  settler,  which  would  answer  for  a  long  time  before  chang- 
ing. "With  suitable  sulphides,  where  such  are  available  in  large 
quantities,  hot-  in  place  of  cold-blast  will  effect  savings  in  fuel  pro- 
portional to  the  local  difference  between  the  price  of  coke  and  that 
of  coal.  A  furnace,  specially  constructed  for  this  purpose,  has  now 
become  almost  a  necessity  to  large  lead-works. 

A  few  remarks  on  the  smelting  of  such  ore-mixtures  as  above 
described  are  here  added. 

Contrary  to  former  custom,  slags  with  greater  percentages  of  lime 
are  now  preferred  where  large  quantities  of  zinc  are  present.  Of 
the  approved  slag-types,  the  well-known  1  :  1  slag,  with  26  percent. 
CaO,  is  often  run,  when  economical. 

Large  furnaces,  42  by  120  inches  at  the  tuyeres,  are  now  most  in 
favor.  They  give  large  tonnage,  together  with  much  space  in  the 
shaft  for  "  hangings."  A  small  (6-inch)  bosh  all  around  the  furnace 
does  not  decrease  the  tonnage,  and  seems  advisable,  both  as  a  means 
of  introducing  a  back-tuyere,  which  is  sometimes  of  great  assistance, 
and  also  to  permit  a  more  spacious  shaft. 

If,  besides  carrying  the  impurities  named,  the  charge  has  not 
sufficient  lead  to  insure  good  furnace-work,  bullion  of  the  lowest 
possible  grade  should  be  fed  back,  to  avoid  larger  losses  caused  by 
scattering,  and  necessary  subsequent  re-smelting  of  high-grade  scrap- 
lead. 


EXPERIMENTS    WITH    THE  ROESSLER   CONVERTER  AT 
THE  MAR  SAC  REFINERY,  PARK  CITY,   UTAH. 

BY  C.   A.    STETEFELDT,    SAN  FRANCISCO,    CAL. 
(Baltimore  Meeting,  February,  1892.) 

In  my  paper  on  "The  Refining  of  Sulphides  Obtained  in  the 
Lixiviation-Proeess  with  Hyposulphite  Solutions,"  read  at  Cleveland, 
June,  1891  {Trans.,  xx.,  37),  I  recommended  the  Roessler  converter 
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as  a  means  of  maoufacturing  free  sulphuric  acid  from  roasting-gases. 
The  Roessler  couverter,  it  will  be  remembered,  is  used  in  refineries 
to  condense  the  suljjhuric  and  sulphurous  acid  escaping  from  the 
cast-iron  parting-kettles.  The  practice  in  that  process  is,  to  charge 
the  converter  with  cement-  or  scrap-copper,  and  manufacture  blue- 
stone  as  a  by-product.  In  the  paper  of  Mr.  A.  F.  Wendt  [Trans- 
actions, XII.,  274),  it  is  claimed  that  from  80  to  90  per  cent,  of  the 
sulphurous  acid  is  converted  into  sulphuric  acid,  and  that  the  acid 
in  the  converter  reaches  a  concentration  of  15°  to  20°  B. 

Having  in  view  the  construction  of  a  refinery  at  the  Marsac  mill, 
I  wrote  to  Dr.  Roessler,  Frankfurt,  Germany,  inquiring  whether  it 
was  essential  to  the  success  of  the  apparatus  to  place  cement-copper 
in  it,  or  whether,  on  the  other  hand,  I  could  fill  it  with  a  concen- 
trated blue-stone  solution  and  produce  and  accumulate  free  sulphuric 
acid,  which  latter  I  proposed  to  use  for  dissolving  copper  oxide  from 
a  roasted  copper-silver  matte.  Dr.  Roessler's  reply  was  that  the 
presence  of  cement-copper  was  not  at  all  essential,  and  that  I  could 
obtain  the  free  acid  I  needed  by  filling  the  tank  with  a  concentrated 
blue-stone  solution.  My  experience  shows  that  Dr.  Roessler  is 
greatly  mistaken,  and  that  his  apparatus  is  worthless  for  producing, 
economically,  even  a  very  limited  amount  of  free  sulphuric  acid.  On 
the  other  hand,  I  found  no  difficulty  in  making  blue-stone  by  putting 
cement-copper  into  the  tank. 

The  apparatus  I  used  consisted  of  a  wooden  lead-lined  tank,  4 
feet  in  diameter  and  6  feet  high.  The  lead  pipe  entering  through 
the  cover  was  4  inches  in  diameter,  and  ended  G  inches  from  the 
bottom  of  the  tank  in  a  hexagonal  ring,  in  which  1086  holes  of 
^-inch  diameter  had  been  drilled.  A  No.  2  Koerting  blower  was 
placed,  at  first  on  top  of  the  cover,  but  afterwards  between  the  fur- 
nace and  the  inlet-pipe.  The  apparatus  could  be  connected  with  a 
matting-furnace  or  a  muffle  roasting-furnace,  so  as  to  take  the  gases 
from  either.  Mechanically,  the  apparatus  worked  very  well,  and  its 
operations  could  be  regulated  easily.  As  a  condenser  and  converter 
of  sulphurous  acid,  however,  it  proved  a  complete  failure.  The 
sulphurous  acid  was  supplied  under  all  possible  conditions,  so  far  as 
concentration  of  the  gases  in  SO2  was  concerned,  but  without  ap- 
parent difference  in  effect.  As  soon  as  the  blue-stone  solution  had 
accumulated  about  1|  per  cent,  of  free  SO3,  further  conversion  of 
SO2  seemed  to  cease  entirely. 

As  observed  above,  the  Koerting  blower  was  first  placed  on  top 
of  the  cover  of  the  tank.     This  created  a  strong  vacuum  above  the 
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solution,  and  although  the  gases  from  the  muffle-furnaces  entered 
very  hot,  evaporation  was  so  great  that  the  solution  never  reached  a 
temperature  of  more  than  115°  F.  Even  if  heated  previously  to 
180°  F.,  it  sank  to  115°  in  a  very  short  time.  In  this  belief,  that 
the  insufficient  temperature  of  the  solution  was  the  cause  of  failure, 
the  position  of  the  Koerting  blower  was  changed,  and  it  was  placed 
between  the  furnace  and  the  converter.  The  solution  now  received 
all  the  heat  from  the  steam  of  the  blower,  and  was  under  pressure, 
instead  of  being  in  a  vacuum.  Although  its  temperature  could  be 
easily  kept  at  180°  F.,  and  above,  the  chemical  action  was  not  ma- 
terially influenced  thereby. 

The  converter  was  now  charged  with  cement-copper.  Under 
these  circumstances  it  worked  much  better.  The  concentration  of  the 
solution  in  blue-stone  increased  about  8  per  cent,  every  six  hours. 
These  experiments  were  not  continued,  because  our  object  was  not 
the  gaining  of  blue-stone  as  a  by-product  from  cement-copper. 

While  the  Roessler  converter  is  evidently  worthless  for  manufac- 
turing free  sulphuric  acid,  it  serves  another  purpose.  It  arrests  all 
silver  that  may  be  carried  over  mechanically  in  matting  sulphides, 
or  may  be  volatilized  in  the  muffle  furnace ;  and  this  is  important 
in  the  treatment  of  material  containing  about  40  per  cent,  in  silver. 

The  silver  is  found  in  the  copper-solution  of  the  converter  as  a 
reddish  precipitate,  assaying  from  470  to  900  ounces  silver  per  ton, 
from  88  to  96  per  cent,  of  the  silveif  being  soluble  in  Russell's  ex- 
tra-solution. How  much  silver  collects  in  the  Roessler  ap}>aratus 
has  not  yet  been  ascertained,  but  the  quantity  is  not  very  consid- 
erable. 

Arrangements  are  now  making  to  store  and  handle  sulphuric  acid 
for  the  Marsac  refinery. 

Having  received  lately  several  inquiries  about  the  Roessler  con- 
verter, I  considered  it  of  interest  to  the  profession  to  publish  at  once 
my  experience  with  this  apparatus. 


BIOGRAPHICAL  NOTICE  OF  ED  W ABB  NICHOLS. 

BY  WM.  G.  NEILSON,  PHILADELPHIA,  PA. 

(Baltimore  Meeting,  February,  1892.) 

Edward  Nichols  died  at  Dunkirk,  N.  Y.,  January  7,  1892,  in 
the  forty-second  year  of  his  age. 

In  the  maturity  of  his  powers,  actively  employing  the  strength 
gained  from  the  experiences  of  a  busy  life,  and  occupying  positions 


BIOGRAPHICAL   SKETCH    OF    EDWARD    NICHOLS.  77 

of  high  trust  and  commanding  influence,  our  fellow-member  has 
been  called  away,  leaving  a  record  of  high  achievement,  and,  above 
all,  of  absolutely  unstained  character. 

Inflexible  integrity,  unselfishness,  generosity,  and  the  keenest  sense 
of  honor,  were  the  foundation  of  his  manhood.  His  energy  was 
unfailing,  and  his  physical  strength  seemed,  until  recently,  not  to 
know  fatigue.  His  mind  was  notably  adapted  to  generalization, 
and  his  views  were  singularly  clear  and  comprehensive.  He  was  a 
hard  student  and  close  observer,  and  had  an  excellent  memory.  He 
had  marked  facility  of  expression  both  in  writing  and  in  conversa- 
tion. He  hated  every  form  of  "sham,"  and  would  attack  it  with 
the  same  vigor  as  he  displayed  in  other  directions.  He  sometimes 
spoke  abruptly  and  with  brusqueness  in  attacking  what  he  did  not 
think  true;  and  he  was  a  somewhat  difficult  man  to  become  inti- 
mately acquainted  with,  but  his  friends  who  did  know  him  knew 
that  he  was  as  true  as  steel,  and  had  an  affectionate,  tender  heart. 
He  was  a  many-sided  man,  who  cannot  be  easily  described. 

He  graduated  at  the  Rensselaer  Polytechnic  Institute  at  Troy, 
N.  Y. ;  was  for  a  time  in  the  employ  of  the  Bethlehem  Iron  Com- 
pany, Bethlehem,  Pa.,  and  afterwards  in  that  of  the  Standard  Steel 
Works,  near  Lewi.stown,  Pa.  In  1876  he  was  associated  with  the 
writer  in  the  work  of  the  Centennial  Committee  of  the  Institute. 
For  some  three  years  he  was  with  the  Burden  Iron  Company,  of 
Troy,  N.  Y.,  and  made  many  reports  for  them  on  iron-ore  proper- 
ties in  different  parts  of  the  United  States. 

He  was  a  most  careful  and  intelligent  reporter  upon  iron-mines, 
having,  in  addition  to  powers  of  observation,  reasoning  and  clear 
statement,  an  excellent  knowledge  of  the  metallurgy  of  iron  and 
steel,  and  a  considerable  experience  as  an  analytical  chemist  and 
familiarity  with  chemical  processes.  His  professional  preparation 
was,  moreover,  enriched  by  the  study  of  foreign  iron-  and  steel- 
works during  European  travel. 

After  leaving  the  service  of  the  Burden  Iron  Company,  he  settled 
for  a  time  at  Hermitage,  Georgia,  operating  a  charcoal-furnace,  and 
mining  iron-ore.  During  this  period  he  discovered  in  that  region 
a  deposit  of  beauxite,  which  he  described  in  a  paper  presented  at  the 
Duluth  meeting  of  the  Institute  in  July,  1887  (Transactions,  xvi., 
905),  the  first  record  we  have  of  the  occurrence ^of  this  mineral  in 
the  United  States  in  commercial  quantity. 

In  1884,  i\Ir.  Nichols  married  Miss  Jessie  Brooks,  a  daughter  of 
Mr.  H.  G.  Brooks,  but  she  died  about  a  year  after  their  marriage — 
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a  great  loss  profoundly  felt  by  him.  Their  boy,  born  but  a  few 
days  before  the  mother's  death,  is  still  living. 

With  the  general  depression  of  the  charcoal-iron  industry,  the 
Hermitage  furnace  was  blown  out  and  Mr.  Nichols  removed  from 
Georgia  and  occupied  himself  for  a  short  time  in  attending  to 
asphalt  paving  and  other  business  interests.  About  four  years  ago 
he  was  called  to  Dunkirk  to  assume  the  position  of  President  of  the 
Brooks  Locomotive  Works.  Mr.  Horatio  G.  Brooks,  the  founder 
of  these  works,  was  engaged  in  remodelling  and  extending  them 
when  his  sudden  death  left  them  without  a  head.  Mr.  Nichols 
took  the  position,  speedily  mastered  the  details  of  the  business,  and 
continued  the  rebuilding  and  enlargement  of  the  works,  which  now 
remain,  in  their  admirable  arrangements  and  their  very  high  stand- 
ard of  efficiency,  a  monument  to  the  two  men,  H.  G.  Brooks  and 
Edward  Nichols,  whose  directing  genius,  aided  by  the  able  assist- 
ants they  selected,  created  and  perfected  this  great  establishment. 

Those  who  were  present  at  the  Buffalo  meeting  of  the  Institute,  in 
October,  1888,  still  retain  a  vivid  recollection  of  the  excursion  made 
by  special  train  to  Dunkirk,  in  connection  with  that  meeting,  and  of 
the  instructive  and  delightful  day  spent  in  the  inspection  of  the 
locomotive  works,  and  in  the  social  pleasures  of  the  reception  given 
by  jMrs.  Brooks,  the  widow  of  the  late  president,  assisted  by  many 
ladies  of  the  place. 

Incidentally,  that  visit  aflforded  to  the  members  of  the  Institute 
an  opportunity  to  admire  and  study  the  wise  and  liberal  provisions 
carried  out  by  Mr.  Nichols,  with  the  hearty  co-operation  of  all 
persons  interested,  for  the  education,  technical  training,  social  en- 
joyment, and  physical  and  moral  welfare  of  the  employees  of  the 
works  and  their  families.  The  perfection  of  these  arrangements 
was  not  less  admirable  than  that  of  the  mechanical  departments  of 
the  establishment,  and  evidently  it  was  regarded  by  the  president 
and  his  associates  as  not  less  important. 

Besides  the  arduous  labors  of  this  office,  Mr.  Nichols  was  the 
head  of  the  Dunkirk  Engineering  Company,  and  held  several  other 
positions  of  trust.  Moreover,  his  fearlessness  and  energy  were  shown 
most  effectively  in  municipal  politics.  Undaunted  by  bitter  and 
abusive  opposition,  he  maintained  a  bold  stand  in  favor  of  the  in- 
telligent improvement  of  the  town  and  the  honest  management  of 
its  affairs,  and  waged  a  ceaseless  war  upon  all  forms  of  public  evil. 
A  large  measure  of  success  crowned  his  efforts ;  and  he  was  rewarded, 
after  only  four  years  of  residence  in  Dunkirk,  with  a  rank  in  the 
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affection  and  esteem  of  the  community  which  men  rarely  win  in  a 

lifetime. 

« 

A  notable  event  in  Nichols's  experience  occurred  in  October,  1890, 
when  he  was  at  the  Leland  House,  Syracuse,  at  the  time  of  its  de- 
struction by  fire,  when  so  many  persons  lost  their  lives.  He  was 
asleep  in  a  fifth-story  room  when  he  was  awakened  by  the  alarm. 
Escape  by  way  of  the  hall  was  cut  off,  and  the  window  was  his  only 
way  out.  The  rope  in  his  room  could  not  be  used ;  but  one  had 
been  thrown  out  of  an  upper  window,  and,  after  assuring  himself 
that  he  was  interfering  with  no  one  else,  he  twisted  it  around  his 
leg  and  attempted  to  let  himself  down.  The  thin  rope  cut  his  hands 
to  the  bone,  and  he  landed  so  heavily  on  a  one-story  shed-roof  below 
that  he  broke  his  leg.  With  broken  leg  and  torn  hands,  he  made 
his  way  to  the  edge  of  the  roof  and  down  a  ladder  to  the  ground  in 
an  alley-way,  and  then  dragged  himself  in  this  condition  to  the 
street.  He  was  taken  to  a  hospital,  wliere  he  received  excellent  care, 
and  finally  recovered,  except  as  to  one  ankle.  After  this  injury  he 
carried  crutches  with  him,  and  used  them  much  of  the  time.  Amid 
all  the  confusion  and  excitement  of  the  fire,  and  under  the  resulting 
shock  and  suffering,  his  indomitable  nerve  was  most  notable.  It  may 
be  that  this  accident  impaired  the  resisting  power  of  his  constitution. 
But  the  immediate  cause  of  his  death  was  pneumonia,  resulting  from 
a  severe  cold,  which  he  had  contracted  only  about  two  weeks  before. 

The  Institute  has  lost  one  of  its  strong  men, — a  man  universally 
respected.     Some  of  us  have  lost  a  loved  friend. 
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MINE. 

BY  T.    A.   RICKARD,    ALLEMONT,    ISERE,   FRANCE. 
(Baltimore  Meeting,  February,  1892.) 

The  mountains  of  the  picturesque  Dauphine,  in  southeastern 
France,  have  long  been  known  to  collectors  as  the  source  of  many 
minerals  of  rare  occurrence ;  but  they  contain  also  several  mines, 
which,  though  less  known,  date  from  the  time  of  the  Saracens, 
many  centuries  back,  to  that  of  the  graduate  from  the  ^cole  des 
Mines. 

In  the  department  of  the  Isere,  upon  the  cliffs  of  Villard  Ey- 
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mond  and  overlooking  the  lovely  valley  of  the  Olsans,  is  the  his- 
toric gold-mine  of  France,  a  mine  interesting  as  much  for  its  record 
as  for  its  geological  features. 

The  gold-bearing  character  of  the  quartz  of  La  Gardette  was 
known  to  the  Greeks,  the  Romans,  and  later  to  the  Saracens,  all  of 
whom  at  various  periods  extracted  the  gold  of  the  outcrop  which 
ribs  the  mountain-side.  Mention  of  this  mine  is  found  in  certain 
rare  manuscripts  of  the  seventeenth  century,  but  it  was  in  1733  that 
the  first  serious  working  was  inaugurated.  In  that  year  the  ex- 
ploration of  the  vein  was  undertaken  by  order  of  the  king,  much 
to  the  disgust  of  the  inhabitants  of  Bourg  d'Oisans,  to  whom  it  has 
been,  both  in  earlier  and  later  times,  a  source  of  revenue,  either  di- 
rectly by  the  extraction  of  small  quantities  of  gold-ore  or  indirectly 
by  the  attraction  which  it  has  presented  to  passing  travellers.  The 
working  of  the  mine  by  the  State  had  no  results  of  importance  and 
shortly  ceased.  In  1765,  the  mine  was  again  given  over  to  the 
peasantry.  In  1776,  the  king  conceded  to  his  brother,  the  Comte 
de  Provence,  afterwards  Louis  XVIII.,a  large  number  of  mines 
in  this  district.  La  Gardette  was  included ;  but  work  under 
this  grant  was  directed  to  the  mines  of  Les  Chalanches,  near 
Allemont,  in  the  neighboring  commune.  Here  a  foundry  was 
erected  under  the  supervision  of  M.  Binelli,  considered  one  of  the 
most  celebrated  mineralogists  of  his  time.  In  1781,  Binelli  was 
replaced  by  Schreiber,  a  Saxon  engineer,  whose  name  is  interwoven 
with  that  of  nearly  all  the  old  mines  of  this  part  of  Europe.  At 
that  time  a  peasant  named  Laurent  Gardent  came  to  Allemont  to 
see  M.  Schreiber  and  to  show  him  certain  specimens  of  gold-qu&rtz 
recently  extracted  from  the  lode  at  La  Gardette.  Schreiber  made 
an  examination,  was  much  impres.sed  with  what  he  saw,  and  forth- 
with started  for  Paris,  where,  upon  his  arrival,  it  was  decided  to 
commence  at  once  the  exploitation  of  the  mine.  Systematic  work- 
ing was  then  started  under  the  personal  supervision  of  the  best 
mining  engineers  of  that  period. 

This  discovery  of  a  gold-mine  is  said  to  have  produced  a  great  sen- 
sation in  Paris.  All  the  literature  of  that  time  makes  mention  of 
the  matter,  and  the  arrival  in  1783  of  the  first  ingots  of  gold  aroused 
great  enthusiasm  at  the  Court. 

In  178G,  the  Comte  de  Provence  caused  a  medal  to  be  struck,  the 
gold  of  which  was  the  product  of  this  mine.  The  matter  was 
placed  in  the  hands  of  L'Acadhniedcs  Inscripfions  d  BeKcs  Lettres, 
which  chose  Dupre  to  execute  the  designs.     One  side  of  the  medal 
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represented  Louis  XVI.,  and  the  other  the  Corate  de  Provence,  in 
the  act  of  offering  to  the  king  the  first  product  of  a  French  gold- 
mine. 

The  cost  of  this  medal  was  put  down  at  8000  livres,  and  it  has 
been  sarcastically  said  that  this  rej>resented  all  the  results  thus  far 
obtained  by  the  enterprise.  It  certainly  marked  the  most  brilliant 
period  of  the  history  of  the  mine,  for  soon  after,  in  1788,  work  was 
discontinued.  It  is  reported  that  gold  was  found  chiefly  in  the 
upper  levels,  but  that  the  irregular  distribution  of  the  precious 
metal,  together  with  other  circumstances,  caused  the  abandonment 
of  active  exploitation.  Among  the  "other  circurastancts  "  it  is  safe 
to  include  the  insufficient  quantity  of  gold  in  the  ore;  for  in  those 
days,  as  now,  there  were  men  who  knew  how  to  avoid  laying  un- 
necessary stress  upon  this  somewhat  important  feature  of  gold- 
mining. 

After  1788,  followed  a  blank  period,  during  which  the  mine  was 
the  property  of  the  commune.  The  extraction  of  specimens,  both 
of  gold  and  of  rock-crystal,  was  actively  carried  on,  and  helped  to 
beautify  collections  in  many  of  the  less  distant  towns.  More  par- 
ticularly it  was  then  that  the  basis  was  laid  for  the  fine  collection  now 
to  be  seen  at  the  museum  in  Grenoble. 

Under  the  first  Empire  no  work  was  done  on  the  mine ;  but  the 
mining  engineer-in-chief  at  that  time,  Hericart  de  Thury,  was  in- 
structed to  write  a  report,  which  appeared  in  the  Journal  des  Mines, 
in  1806.  The  times  were  troubled,  und  the  complications  of  politics 
allowed  the  mine  to  remain  in  oblivion  until  1837,  when  a  fitful  re- 
opening took  place.  In  1839,  the  property  was  acquired  by  M.  Van 
de  Velde  for  a  Parisian  company,  which,  under  the  management  of 
M.  Graff,  caused  the  mine  to  be  re-opened  in  1841.  Some  very  rich 
pockets  of  specimen-gold  were  found,  but  no  serious  prospecting  was 
done,  and  no  important  results  were  obtained. 

The  mine  then  passed  through  the  hands  of  several  proprietors, 
under  wiiose  management  far  more  gold  was  expended  than  was  re- 
turned, and  more  than  was  returned  was  stolen. 

In  1862,  La  Gardette  came  into  the  possession  of  two  Englishmen, 
Messrs.  Fisher  and  Watson  ;  but,  upon  the  departure  of  the  latter 
for  the  more  productive  mines  of  Australia,  the  former  became  dis- 
couraged and  ceased  work.  Since  then  nothing  has  been  done  to 
forward  its  development,  save  the  writing  of  reports  by  the  suc- 
cessive mining  engiueers-in-chief,  to  whom  it  seems  always  to  have 
furnished  the  subject  of  a  sort  of  graduation-essay. 

VOL.  XXI.— 6 
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Recently  the  reopening  of  La  Gardette  was  considered  by  the 
English  comjjany  now  working  tlie  mines  at  Allemont ;  and  the 
writer  was  called  upon  to  examine  it.  The  results  of  that  examina- 
tion, as  stated  below,  bring  the  history  of  La  Gardette  up  to  date. 

The  history  of  the  mine,  as  outlined  above,  finds  a  ready  explana- 
tion in  the  study  of  the  conditions  under  which  the  gold  occurs.  An 
obtuse  disregard  of  the  facts  as  disclosed  in  the  workings  and  a  belief 
in  wild  theories  of  ore-deposition  have  been  the  causes  of  the  re- 
peated failures  to  make  it  profitable. 

The  gold  of  La  Gardette  occurs  in  a  quartz-vein  traversing  the 
gneiss,  which  in  this  district  has  a  great  variety  of  hardness  and 
composition.*  The  lode  is  of  extraordinary  regularity  in  strike, 
dip  and  parallelism  of  walls.  It  runs  nearly  due  east  and  west,t 
and  makes  an  angle  of  75°  with  the  horizon. 

The  gangue  is  almost  entirely  quartz,  with  a  highly  developed 
banded  or  ribbon-structure.  Slickensides  characterize  the  walls.  The 
minerals  accompanying  the  quartz  are  galena,  iron  and  copper 
pyrites  and  (rarely)  gray  copper.  It  has  been  noted  that  the  coarse 
galena  |  is  favorable  to  the  presence  of  gold.  The  richest  quartz 
is  that  which  has  a  bluish-black  color,§  an  experience  in  har- 
mony with  that  of  other  gold  mining  districts. 

This  is  not  the  only  known  occurrence  of  gold  in  the  district, 
though  it  is  the  only  one  which  has  risen  to  the  dignity  of  a 
mine.  M.  de  Thury,  mining  engineer-in-chief  under  the  first  em- 
pire, has  left  the  record ||  that  there  are  several  gold-deposits  in 
the  department  of  the  Isere  : 

1.  At  Portraut,  at  the  foot  of  the  glaciers  of  the  Grandes  Rousses, 
where  it  occurs  in  association  with  argentiferous  lead  ore. 

2.  At  Auris,  on  the  southern  slope  of  the  same  range,  and  nearly 
opposite  La  Gardette,  in  a  complex  lead-copper  ore,  associated  with 
antimony. 

3.  At  Mollard,  near  Allemont,  in  argentiferous  galena ;  also  in 
the  copper  pyrites  of  La  Cochette  and  in  that  of  Les  Chalanches, 
Allemont. 

In  later  times  I  have  found  it  in  noteworthy  quantities  in  the 
quartz  of  the  Mine  des  Arabes,  at  Allemont,  where  it  is  associated 

*  The  French  engineers  variously  apply  to  it  the  terras  gneiss,  protogine  and 
crystalline  schists. 

t  Or,  as  the  French  simply  put  it — "  vers  i^ept  d  huit  heures." 

X   ''A  grandes  facettes." 

^   "Quartz  enfiime,  d'un  bleu  noirdtrc."  \\  Journal  des  Mines,  1806. 
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with  galena,  blende  and  pyrites,  but  occurs  more  particularly  in 
thin  seams  of  maroon-colored  earth.  It  is  found  in  the  argentif- 
erous galena  of  Grand  Clos,  near  La  Grave,  as  well  as  in  certain 
quartz-veins  above  La  Villette.  Nearly  all  the  ores  of  this  district 
which  I  have  had  cause  to  assay  have  shown  traces  of  gold. 

Returning  to  La  Gardette,  we  may  consider  briefly  the  geological 
conditions.  The  gneiss,  traversed  as  already  remarked  by  this  lode, 
is  overlain  by  the  dolomite  of  the  Trias  and  that  in  turn  by  the 
lime-shale  of  the  Lias,  both  of  which  formations  have  been  identi- 
fied by  their  fossil  remains.  The  Trias  is  but  slightly  represented, 
and  here  varies  in  thickness  from  5  to  20  meters.  .The  Lias  is  repre- 
sented by  lime-shale,  but  its  upper  horizon  is  diversified  by  the 
slate,  the  contorted  bedding  of  which  is  a  striking  feature  of  the 
cliffs  above  Bourg  d'Oisans.  In  it  occur  the  slate-quarries  of  Alle- 
mont  and  Oz. 

The  vein  does  not  penetrate  the  overlying  secondary  formations, 
but  ceases  at  the  upper  eroded  edges  of  the  gneiss.  Where  the  vein 
ceases,  two  stringers  or  small  seams  of  quartz  extend  a  little  way  up 
into  the  Trias.  These  stringers  contain  galena  which  is  gold-bear- 
ing, also  copper  and  iron  pyrites ;  in  fact,  they  have  much  the  same 
mineralization  as  the  main  lode  itself.  They  do  not  reach  the  Lias. 
The  accompanying  sketch  (Fig.  1)  illustrates  these  conditions. 

The  Trias  is  a  metalliferous  horizon  containing  a  notable  pro- 
portion of  iron  pyrites,  usually  in  fine  grains,  arranged  in  small 
seams,  which  ramify  through  the  mass  of  the  formation. 

In  the  neighborhood,  though  not  in  the  mine  itself,  the  two  lower 
formations  are  separated  by  an  intrusion  of  amygdaloidal  diabase — 
the  spilite  of  the  French  geologists — which  contains  nodules  of  cal- 
cite  and  of  nickel  ore. 

The  lode  of  La  Gardette  answers  to  the  term,  much  misused, 
and  often  but  little  understood,  "  true  fissure-vein."  In  this  in- 
stance we  have  a  "  gold-quartz-vein,"  and  it  is  necessary  to  recog- 
nize separately  each  one  of  the  words  which  make  up  the  name. 
In  practice  it  is  too  little  recognized  that  a  vein  may  (as  "  true 
fissure-veins "  are  popularly  supposed  to  do)  continue  indefinitely 
downward  through  the  crust  of  the  earth,  but  unless  it  carries  gold- 
quartz  it  is  commercially  of  no  value,  however  interesting  scientifi- 
cally it  may  be.  Further,  the  gold-quartz  may  be  continuous,  but 
unless  the  precious  metal  is  present  in  a  certain  proportion  it  ceases 
to  be  valuable  to  the  miner.     Here  at  La  Gardette  we  have  a  very 
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beautiful*  specimen  of  this  type  of  ore-deposit ;  and  in  attempting 
to  arrive  at  its  probable  history  it  is  necessary  to  distinguish  between 
the  vein  and  the  lode,  between  the  fissure  and  the  mineral  matter 
deposited  in  or  along  that  fissure. 

It  is  evident  that  the  vein  is  anterior  to  the  deposition  of  the 
Trias,  and  consequently  much  older  than  the  Lias.  The  two  vein- 
lets  which  start  from  the  upper  edge  of  the  vein  and  penetrate  the 
Trias  owe  their  origin  to  movements  which  caused  fractures  to  be 
formed  in  the  Trias,  and  at  this  point  are  in  line  with  the  course  of 
the  main  fissure,  because  the  latter  was  a  line  of  least  resistance. 


Fig.  I. 


CROSS-SECTION     SHOWING 
RELATIONS     OF     LA  GARDETTE     LODE. 


The  fact  that  the  mineralization  of  the  veinlets  in  the  Trias  is 
identical  with  that  of  the  upper  part  of  the  main  lode  in  the  gneiss 
points  to  a  common  origin.  It  appears  to  me,  therefore,  that  while 
the  formation  of  the  fissure  of  La  Gardette,  as  well  as  the  deposi- 
tion of  the  quartz  of  the  lode,  antedated  the  laying  down  of  the 
beds  of  the  Trias,  it  was,  notwithstanding,  from  the  overlying  Trias 
that  the  lode,  in  common  with  these  veinlets,  may  have  derived  a 
certain  portion  of  its  metalliferous  contents.     Among  the  causes  de- 


*  By  reason  of  its  striking  regularity  of  structure. 
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termining  the  ore-deposition,  the  intrusion  of  an  eruptive  rock — the 
spilite — may  have  played  an  important  part. 

When  the  gneiss  was  eroded  during  the  period  preceding  the 
deposition  of  the  Trias,  the  lode-cropping  was  also  denuded,  with 
a  resulting  natural  concentration  along  the  apex  of  the  vein.  In 
later  times,  after  the  Trias  period,  further  mineralization  took  place 
to  an  extent  not  now  ascertainable.  The  practical  result  was  that 
that  portion  of  the  lode  which  was  immediately  under  the  Trias  was 
enriched,  and  that  this  part  of  the  vein  became  really  the  only  com- 
mercially valuable  part  of  it. 

Upon  the  fact  just  stated  hinges  the  whole  history  of  the  mine. 
The  gold  first  discovered  was  in  the  croppings  immediately  under  the 
dolomite  cliffs  of  the  Trias,  where  the  original  cap  of  the  lode  had 
been  laid  bare,  as  in  the  times  before  it  was  covered  by  the  sedi- 
ments of  the  Triassic  seas.  This  part  of  the  mine  was  very  rich  in 
pockets  of  free  gold,  and  soon  became  exhausted.  Afterwards,  when 
capital  had  been  obtained,  the  engineers  who  had  charge  of  the 
spending  of  it  directed  their  attention  to  the  deeper  parts ;  their  con- 
fidence of  increased  richness  with  depth  augmenting  in  proportion 
as  they  recognized  that  the  upper  parts  of  the  mine  were  becoming 
exhausted.* 

Successive  administrations  essayed  and  failed  to  open  up  a  pro- 
ductive mine  at  lower  levels ;  while,  during  the  intervals,  the  peasants 
scratched  about  in  the  upper  workings  and  found  occasional  speci- 
mens. 

To-day  the  history  of  the  development  of  the  mine  can  be  read  in 
the  underground  woi'kings.  Owing  to  the  comparative  sraallness 
of  the  lode,  its  great  regularity  and  the  hardness  of  the  enclosing 
rock,  the  workings  are  all  readily  accessible.  The  upper  develop- 
ment consists  of  adits  alone  ;  the  lower,  of  shafts  connecting  a  series 
of  levels.  The  total  vertical  depth  explored  exceeds  400  feet.  It 
is  seen  that  while  all  the  quartz  has  been  stoped  away  from  the  first 
level  up  to  the  sloping  floor  of  the  gneiss-dolomite  contact  above, 
and  a  winze  follows  that  contact  for  a  short  distance  under  the 
level ,t  in  the  lower  workings,  on  the  other  hand,  hundreds  of  feet 
of  drifts  have  been  extended  without  the  stoping  of  a  fathom  of 
ground.     In  the  uppermost  part  of  the  lode  the  quartz  is  bluish  and 

*Many  of  the  reports  of  the  French  engineers  declare  that  increasing  richness 
may  be  extiected  with  increasing  depth.  This  is  a  fallacy  too  frequently  repeated 
in  later  times  by  men  who  have  seen  far  more  of  gold-mining. 

t  This  has  much  to  remind  one  of  the  "  contact "  and  "  verticals  "  in  which  the 
ore  occurs  at  Eico,  Colorado. 
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ribboned,  containing  galena  and  pyrites ;  but  lower  down,  while  it 
still  carries  occasional  patches  of  pyrites,  it  is  white  and  barren.  The 
upper  portions  of  the  lode  have  a  width  of  20  to  25  centimeters,  but 
in  the  lower  levels  this  is  increased  to  30  and  40  ;  above,  it  is  com- 
pact;  below,  it  is  full  of  geodes  lined  with  crystals.  While  the  upper 
part  has  been  a  gold-mine,  the  lower  part  has  been,  and  is  still  to-day, 
valuable'^  for  rock-crystals  alone.  Assays  made  by  me  of  the 
quartz  standing  in  the  lower  level  gave  traces  of  gold  only. 

The  vein  is  remarkable  for  the  extreme  development  of  two 
features  common  to  many  gold  mines — slickensides  and  ribbon- 
structure. 

The  slickensidesf  extend  continuously  over  large  portions  of  the 
surface  of  the  walls,  for  a  length  of  400  meters  and  a  height  of 
over  80.  The  striae  are  nearly  horizontal,  an  evidence  of  a  very 
great  change  of  position,  indicating  a  movement  through  a  large 
angle.  That  this  is  not  impossible,  or  indeed  improbable,  is 
shown  by  the  evidence  of  similar  movements  to  be  found  in  the 
vicinity  ;  at  Alleraont,  for  instance.  This  change  of  position  was 
probably  contemporaneous  with  the  period  of  the  contortion  of  the 
schists  (or  gneiss);  and  both  were  in  all  likelihood  due  to  the  up- 
lifting action  of  the  granite,  a  boss  of  w4iich  peeps  from  under  the 
limestones  of  the  Grandes  Rousses. 

The  very  beautiful  lamination  or  ribbon-structure  which  charac- 
terizes the  vein  has  received  frequent  mention  from  visitors.  M. 
Charles  Levy  records  that  in  one  band  alone,  9  centimeters  thick, 
he  counted  38  lamince  or  ribbons.  To  some  of  those  who  have  de- 
scribed the  mine,  it  has  suggested  successive  reopenings  and  fillings 
by  crystallization.  To  others,  it  has  indicated  merely  intermittent 
crystallization. 

This  structure  of  gold-quartz-veins,  frequently  observed  in 
widely  separated  mining  districts,  is  generally  recognized  by  miners 
as  a  favorable  indication.  Allied  to  it  is  the  observation  that  milk- 
white  quartz  is  usually  less  likely  to  be  gold-bearing  than  that 
which  has  a  dark  or  bluish  tinge. 

The  explanation  of  the  ribbon-structure  does  not  require  the 
fanciful  imaginings  of  the  "successive  reopening  and  refilling"' 
theory.  That  the  lode  is  usually  an  altered  form  of  the  country 
which  the  gold-vein   traverses,  is  a  fact   now  generally  recognized. 

*  M.  Napoleon  Albertas,  who  kindly  guided  me  over  the  mine,  exploits  the  lower 
workings  lor  the  rock-crystals  found  there,  and  has  lately  shipped  groups  to  Paris 
which  brought  him  600  to  1000  francs  per  lot. 

t  Called  "miroirs  ''  by  the  French  and  ''  harnische  "  by  the  Saxons. 
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All  underground  observation  leads  one  to  look  upon  the  dark, 
nearly  parallel  lines  which  cause  the  ribboning  as  the  last  remnants 
of  included  fragments  of  country-rock.  In  the  gold-mines  of  Cali- 
fornia and  Australia,  one  can  frequently  note  the  transition  from  the 
large,  irregular  pieces  broken  from  the  lode-walls  to  the  small,  more 
regularly  arranged  fragments  which  serve  to  subdivide  the  width  of 
a  lode.  In  certain  cases  one  may  follow  the  slow  gradation  from 
quartz  filled  with  portions  of  "  country  "  to  dark  quartz  in  which 
the  traces  of  included  country  are  entirely  unrecognizable.*  At  La 
Gardette  it  is  to  be  noted  (the  fact  is  recorded  by  M.  Graff )  that 
when  the  vein  includes  fragments  of  the  enclosing  country,  such  in- 
clusions are  always  smaller  than  the  width  of  the  particular  band  of 
quartz  in  which  they  are  arranged. 

It  is  not  possible  to  imagine  that,  under  ordinary  circumstances,  a 
cavity  could  long  remain  empty  under  the  weight  of  the  overlying 
rocks.  Any  fracture  or  fissure  formed  must  immediately  tend  to 
close  up,  and  where  it  is  a  line  of  movement,  a  fault,  as  many  veins 
are,  the  effect  would  be  to  choke  it  up  with  fragments  torn  from  that 
wall  which  was  of  inferior  hardness.  Later  movements  alonar  the 
same  line  would  tend  to  shear  off  additional  portions  of  the  enclos- 
ing country.  Further,  it  has  been  shown  (by  Becker  at  the  Corn- 
stock,  for  instance),  that  the  action  of  a  fault  is  to  cause  a  sheeting 
of  the  country  by  fractures  in  sympathy  with  the  main  line  of 
fault.  This  structural  effect  might  also  come  into  play  within  a  lode  ; 
for,  as  the  mineral  solutions  percolating  along  the  main  fissure  or 
line  of  fracture  dissolved  portions  of  the  included  broken  country 
and  in  turn  deposited  quartz  or  other  lode-filling,  they  would  also 
follow  the  other  lines  of  fracture  lying  latent  in  the  adjoining  coun- 
try. The  result  would  be  one  of  those  cases  where  one  or  more 
"false  walls"  are  found,  and  where  it  is  only  the  proportion  of  gold 
present  which  determines  where  the  lode  may  be  practically  con- 
sidered to  cease,  t 

In  thus  insensibly  passing  from  a  discussion  of  ribbon-structure 
to  that  of  lode-walls  I  have  but  followed  the  transition  which  occurs 
underground.  But  to  return:  When  the  lode  filling  is  less  hard 
than  the  enclosing  country,  there  is  always  a  likelihood  of  its  be- 
coming the  line  of  movements  similar  to  those  which  brought  it 
into  existence.     Later  faulting  would  take  place  along  the  lines  of 

*  In  Australia  this  would  be  the  transition  from  "mullocky"  to  "mottled" 
quartz. 

t  It  is  a  bad  tendency  which  some  miners  have,  to  seek  for  "  walls,"  and  then, 
having  found  one,  to  desist  from  any  further  cross-cutting  through  the  lode. 
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included  country  rather  than  along  that  of  tiie  hard  quartz,  and 
would  result  in  the  crushing  of  those  portions  of  included  country 
and  their  arrangement  along  parallel  lines.  Occasionally  the  in- 
cluded country  is  harder  than  the  portions  of  the  vein  more  or  less 
incompletely  filled  with  quartz,  and  then  we  get  the  crushed  sugar- 
like quartz  which  characterizes  several  well-known  lodes. 

Experience  shows  that  ribbon-structure  is  a  desirable  feature  of  a 
gold-vein.  In  the  mines  of  California  and  Australia  these  black 
lines  of  lamination  greatly  facilitate  the  actual  breaking  of  the 
quartz  ;  but  besides  this  they  are  generally  found  to  characterize 
gold-bearing  rock.  This  fact,  common  to  districts  otherwise  very 
dissimilar,  is  something  more  than  a  coincidence.  These  black  lines 
are  often  graphitic,*  the  evidence  left  by  metamorphism  of  the  or- 
ganic remains  deposited  in  the  original  sedimentary  rocks.  Such 
carbonaceous  matter  would  act  as  a  reducing  agent  upon  mineral 
solutions,  leading  to  the  precipitation,  for  instance,  of  gold  from  a 
chloride  solution,  and  pyrites  from  ferrous  sulphate.  In  some  of  the 
mines  of  Victoria,  the  thin,  black  seams  of  slate  dividing  the  quartz 
are  found  to  be  covered  with  a  mosaic  of  fine  gold.  In  California 
similar  instances  are  not  unknown. 

In  this  connection,  one  is  reminded  of  the  fact  that  dark  and 
bluish  quartz  are  found  by  experience  more  likely  to  be  gold-bearing 
than  white  quartz.  There  is  a  distinction  to  be  made,  however,  be- 
tween the  dark  and  the  bluish-tinted  varieties;  for  while  the  former 
appearance  is  probably  due  to  the  presence  of  minute  fragments  of 
black  slate  or  other  country-rock,  now  almost  entirely  replaced  by 
quartz,  the  latter  is  due  to  the  presence  of  sulphate  of  iron,  which 
may  be  either  original  or  a  secondary  result  of  the  decomposition 
of  iron  pyrites.  Such  quartz,  within  the  zone  of  surface-decom- 
j)osition,  becomes  rusty  by  oxidation.  In  this  case,  ferrous  sulphate 
may  play  the  part  of  the  graphitic  matter  of  the  black  slate. 

In  leaving  the  subject  it  is  well  to  add  that,  in  mining,  generali- 
zations are  always  dangerous  if  followed  too  far.  An  instance  is 
suggested  by  the  above  paragraph.  White  or  dull  whitish  quartz  is 
invariably  considered  by  the  California  miner  an  evidence  of  the 
poverty  of  the  vein ;  and  yet  I  have  seen  at  Bendigo  quartz  of  this 
character,  at  a  depth  of  over  2000  feet,  which  carried  gold  freely,  not 
in  an  isolated  pocket,  but  as  characterizing  a  lode-formation  over  a 
great  distance. 

*  Tlie  miners  of  Amador  county,  Oalifornia,  when  they  come  np  from  under- 
ground, looV:  like  coal  miners,  on  account  of  the  black  slate  having  discolored  their 
clothes. 
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EXTBAGTION  OF  OBE FBOM  WIDE  VEINS  OB  MASSES. 

BY  G.  D.  DELPRAT,  LONDON,  ENG. 
(Baltimore  Meeting,  Februaiy,  1892.) 

The  object  of  this  paper  is  to  describe  an  application  of  the  cross- 
cut system  of  mining,  as  carried  on  in  the  Cabezas  del  Pasto  mine, 
one  of  the  copper-mines  in  the  south  of  Spain.  The  system  is  not 
new;  but  it  is  not  very  generally  adopted.  It  oifers,  however,  de- 
cided advantages  over  other  systems  more  in  use;  especially  where 
the  ore  is  found  in  large  masses  or  wide  lodes,  as  it  allows  the  extrac- 
tion of  all  the  ore  without  leaving  any  pillars  or  roofs.  A  somewhat 
detailed  description  of  the  various  operations  and  costs  of  working 
may  not  only  be  interesting,  but  may  possibly  lead  to  a  more  general 
adoption  of  this  method  in  cases  where  at  present  the  pillar-and- 
stall  system  is  preferred. 

The  principal  features  of  the  copper-lodes  in  the  south  of  Spain 
and  Portugal  are  the  following  :  They  are  nearly  all  lenticular  masses 
of  great  lateral  dimensions  and  unascertained  depth;  their  direction 
is  approximately  east-west,  and  their  dip  towards  north.  Some  are 
contact-lodes,  having  slate  on  the  hanging-wall  and  porphyry  on  the 
foot-wall ;  others  are  imbedded  in  porphyry,  and  others  again  are 
imbedded  in  clay-slate. 

The  upper  portion  of  these  lodes  consists  of  "gossan,"  a  siliceous 
peroxide  of  iron,  mixed  with  more  or  less  clay.  The  depth  to  which 
the  gossan  goes  down  varies  in  diiFerent  localities,  from  40  feet  to 
120  feet,  and  more.  Below  the  gossan  is  found  the  iron  pyrites, 
with  about  2  to  3  per  cent  of  copper.  The  gossan  is  generally  ad- 
mitted to  be  the  result  of  the  decomposition  of  the  pyrites,  the  cop- 
per rendered  soluble,  filtering  into  the  underlying  layers  of  unde- 
composed  ore,  and  enriching  the  ore  below  the  gossan  above  the 
general  average.  Very  rich  pockets  and  streaks  of  ore,  containing 
sometimes  10  per  cent  of  copper  and  more,  are  often  found  in  the 
upper  portions  of  the  lodes.  The  copper  contained  in  the  ore  is 
generally  in  the  shape  of  gray  and  black  sulphides  and  copper 
pyrites ;  rich  pockets  often  show  chalcopyrite  and  fahlerz.    In  nearly 
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all  the  mines  the  ore  has  been  found  to  get  poorer  in  copper  with 
greater  depth ;  a  cross-section  through  the  Cabezas  del  Pasto  mine 
(Fig.  1)  shows  this  diminution,  and  may  be  taken  as  a  fairly  repre- 
sentative case.  The  greater  the  lateral  dimensions  of  a  deposit,  the 
greater  is  generally  the  depth  down  to  which  a  fair  percentage  of 
copper  is  found. 

In  the  Rio  Tinto  mines,  which  are  the  largest  copper-mines  in 
Spain,  a  depth  of  700  feet  has  been  reached  in  some  places  without 
any  marked  decrease  in  copper  contents ;  but  the  length  and  width 
of  the  Rio  Tinto  deposits  are  enormous,  one  of  them  being  more  than 
half  a  mile  in  length,  and  in  some  places  more  than  300  feet  wide — 
all  solid  ore. 

In  the  Tharsis  mines,  the  next  in  importance,  poor  ore  has  been 
found  at  much  less  depth,  the  lateral  dimensions  of  the  deposits  being 
smaller.  In  most  of  the  smaller  mines  the  ore  gets  too  poor  to  be 
worked  at  a  profit  at  a  depth  less  than  300  feet.  One  per  cent,  of 
copper  is  generally  taken  as  the  limit  of  workable  ore. 

The  following  is  a  complete  analysis  of  a  fairly  representative 
sample  of  ore  from  the  Rio  Tinto  mines: 

Sulphur, 48.3 

Copper, 3.44 

Iron, 43.33 

Bismuth, 02 

Lime, ...........        .34 

Lead, 1.00 

Gold 00005 

Silver, 004 

Cobalt, 05 

Arsenic, 75 

Antimony, 07 

Calcium  oxide, 23 

Manganese,  .........         .05 

Silica, 1.89 

Moisture, .48 

Selenium, traces. 

99.95405 

There  are  some  exceptional  deposits,  which  are  of  a  different 
nature,  such  as  the  "  Esperanza"  near  Tharsi.s,  where  the  copper  is 
found  as  a  sulphide  impregnating  the  slate,  but  they  need  not  here 
be  mentioned. 

The  ore  is  generally  sorted  by  hand  into  two  classes.     The  richer 
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ore  is  sent  to  England  and  the  continent,  to  the  sulphuric  acid  manu- 
facturers (who,  after  burning  off  the  acid,  send  the  residue  to  the 
copper-works),  and  the  purer  ore  is  generally  treated  for  copper  only 
in  proximity  to  the  mines. 

Two  systems  of  mining  are  very  generally  adopted. 

When  the  gossan  is  comparatively  shallow,  and  the  mineral  mass 
is  wide,  the  ore  is  generally  got  by  open-cast  working;  the  over- 
burden is  removed  in  benches  about  30  feet  high,  and  the  ore  thus 
laid  bare  is  quarried. 

The  cost  of  removing  the  overburden  varies  with  the  nature  of 
the  ground  and  with  the  facilities  for  getting  proper  dumping- 
facilities.  The  following;  statement  shows  the  average  cost  over  a 
whole  year  in  the  "  Joya"  mine,  which  is  worked  by  the  open-cast 
system.  The  greater  part  of  the  material  removed  is  decomposed 
porphyry,  and,  as  a  rule,  fairly  hard. 

Cost  of  Removing  Overburden  at  the  "  Joya"  Iline  per  Cubic  Yard 

in  the  Solid  {Calculated  on  the  Total  Quantity  Removed 

During  1891). 

Labor. — Superintendence, §0.009 

Excavation,  .         .         .       ".         .         .       0.032 
Loading  into  wagons,    ....       0.0-19 

Mule-drivers, 0.005 

Unloading  wagons  and  repairing  roads,       0.016 

Various 0.001— §0.112 

Materials. — Explosives, 

Baskets  (used  for  loading  wagons). 
Railway  material,  .... 

Wagon  "  ..... 

Oil  and  grease, 

Various,  .......  —  0.011 

Shops, 0.006 

Stable  expenses  (mules), 0.013 

Tools, 0.003 

Amortisation  of  railway  material,     ....  0.005 

Total  cost  per  cubic  yard §  0.15 

The  open-cast  w^orking  is  certainly  the  best  system  in  mines  where 
the  overburden  is  shallow  and  the  deposit  wide.  The  limit  at  which 
the  removal  of  overburden  becomes  unprofitable  is  generally  put  at 
4  cubic  yards  of  overburden  for  every  ton  of  ore  laid  bare.  The  cost 
of  quarrying  the  ore,  after  having  laid  it  bare,  may  be  taken  as  fol- 
lows, exclusive  of  general  charges  : 


EXTRACTION    OF    ORE    FROM    WIDE    VEINS    OR    MASSES.         93 

Cost  of  Quarrying  Ore  in  the   Open- Cast  in  the  "  Joya"  Mine  Per 
Ton  of  1000  Kilos  (Average  for  the   Year  1891). 

Breaking  the  Ore.— Miners, $0,038 

Materials  (explosives),        ,         .  0.012 

Shops 0.004 

Tools, 0.005— $0,059 

Loading  into  wagons, 0.038. 

Weighing, 0  003 


Total  cost  per  ton,  put  into  wagons  and  weighed,  $0.10 

Examples  of  open-cast  working  are  found  at  the  R,io  Tinto  (south 
lode),  Santo  Domingo,  Tharsis  (north  lode.  Sierra  Bullones,  and 
center  lode),  La  Zarza,  La  Joya,  Las  Herrerias,  Laguuazo,  etc 

When  the  proportion  of  overburden  is  too  great,  the  mine  is  gen- 
erally worked  on  the  pillar-and-stall  system.  The  lode  is  divided 
off  vertically  in  floors,  30  to  40  feet  apart,  and  in  each  of  these  floors 
galleries  and  cross-galleries  are  driven,  intersecting  one  another  at 
right  angles,  leaving  large  pillars  of  mineral  to  support  the  roof 
between  the  floors.  The  roof  is  generally  left  about  12  to  15  feet 
thick,  and  the  square  pillars  have  sides  of  15  to  20  feet,  the  gal- 
leries being  of  the  same  width  as  the  pillars,  and  about  20  feet  high. 
It  is  evident,  that  by  adopting  this  system  of  working,  a  large  quan- 
tity of  ore  is  left  in  the  mine ;  taking  floors,  35  feet  apart,  with  a 
roof  of  12  feet,  galleries  23  feet  high  and  16  feet  wide,  and  pillars 
with  sides  of  16  feet,  the  quantity  of  ore  extracted  by  means  of  the 
galleries  is  only  one-half  of  the  total  quantity.  In  several  mines, 
considerably  less  than  one-half  is  extracted.  It  is  generally  main- 
tained, by  those  who  adopt  the  pillar-and-stall  system,  that  after 
honeycombing  the  mass,  more  ore  may  be  gained  by  robbing  pillars 
and  roof.  This  is,  however,  a  very  dangerous  operation  in  mines 
where  the  lode  is  nearly  vertical,  where  the  width  is  considerable,  the 
ore  very  heavy  (specific  gravity  about  5),  and  where  often  ten  to 
twenty  floors  are  formed  one  above  another.  Only  in  one  mine  (the 
Carpio  mine)  has  this  been  done ;  and  the  result  was  not  encouraging. 
Only  four  floors  had  been  formed,  yet,  although  a  good  deal  of  ore 
was  extracted  by  robbing,  still  by  far  the  greater  part  remained  in 
the  mine,  and  could  not  be  got  out — the  comparatively  great  height 
of  the  galleries  being  a  great  element  of  danger.  That  the  opera- 
tion of  robbing  is  a  very  delicate  one  is  confirmed  by  the  fact  that 
most  of  the  mining  companies,  after  extracting  all  the  ore  they  could 
get  by  means  of  galleries,  and  finding  their  ore  reserves  disappear- 
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ing,  determined,  instead  of  robbing  the  pillars,  to  remove  the 
overburden  and  quarry  the  honeycon^bed  mass  in  the  open  air.  In- 
stances of*  this  are  found  in  many  places.  It  is  needless  to  say  that 
a  great  deal  of  money  would  have  been  saved  if  the  overburden  had 
been  removed  from  the  beginning. 

Another  disadvantage,  in  connection  with  the  "  pillar-and-stall" 
system,  is  the  great  cost  of  breaking  the  ore.  Although  galleries 
may  be  driven  of  considerable  dimensions,  as  long  as  the  ore  is  firm, 
still  breaking  ore  in  galleries,  especially  in  hard  ore,  is  always  very 
costly.  Whilst  the  breaking  of  ore  in  the  open-cast  may  cost  $0.07 
per  ton,  the  breaking  in  galleries  will  cost,  on  the  average,  from 
$0.52  upwards.  When  the  ore  is  very  hard,  it  may  be  as  high  as 
$0.85.  The  reasons  for  this  higher  cost  are  too  evident  to  need  any 
mention.  A  miner  will  break,  per  shift,  in  galleries  about  f  of  a 
ton;  in  the  open-cast  he  will  break  from  12  to  15  tons  of  ore — and 
even  more  in  favorable  cases. 

Examples  of  pillar-and-stall  workings  are  found  at  Rio  Tinto,  in 
the  San  Dionisio  lode ;  at  Tharsis,  in  part  of  the  north  lode,  and, 
focmerly,  in  the  Sierra  Bullones  and  La  Zarza  Tharsis  (both  these 
lodes  are  now  open-cast) ;  at  Lagunazo,  in  the  eastern  portion  of  the 
lode,  at  Sotiel-Coronado,  Pena  de  Hierro,  Lapilla,  Aznalcollar,  Cari- 
dad,  etc. 

The  Cabezasdel  Pasto  mine  is  worked  on  a  different  system,  which 
allows  all  the  ore  to  be  extracted,  without  any  danger,  and  at  a  low  cost ; 
and  there  seems  to  be  no  reason  why  the  system  should  not  be  adopted 
in  all  places  where  the  pillar-and-stall  system  is  now  used,  and  where 
the  height  of  overburden  excludes  the  open-cast  system.  The  mineral 
deposit  at  this  mine  is  about  500  feet  long,  with  a  width  varying 
from  20  to  75  feet,  the  average  being  about  32  feet.  The  gossan  goes 
down  to  about  100  feet ;  and  it  was,  therefore,  impossible  to  work  the 
mine  by  open-cast.  The  lode  is  nearly  vertical,  as  shown  in  Fig.  1, 
which  presents  a  cross-section,  approximately  in  the  center  of  the 
mass. 

After  fairly  ascertaining  the  bearing  and  extent  of  the  lode,  an 
extraction-shaft  and  a  pumpiug-shaft  were  sunk,  in  positions  outside 
of  the  lode,  as  shown  in  Fig.  2.  The  dimensions  of  these  shafts 
were  10  feet  by  5  feet  and  11  feet  by  5  feet.  The  extraction-shaft 
was  divided  by  a  partition  in  the  center,  so  as  to  accommodate  two 
cages.  They  were  originally  sunk  to  a  depth  of  230  feet,  and  sub- 
sequently deepened  to  350  feet. 

The  lode  was  then  divided  in  floors,  about  6b  feet  apart.     From 
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the  extraction-shaft  galleries  were  driven,  at  every  floor,  cross-cutting 
the  lode  entirely.  When  these  galleries  reached  the  ore,  narrow 
galleries  (A,  Fig.  2)  were  driven  east  and  west,  following  the  hang- 
ing-wall (the  extraction-shaft  being  in  that  wall)  along  all  the  sinu- 
osities of  the  lode,  and  accurately  determining  its  shape.  From  these 
galleries,  again,  cross-cuts,  B,  were  driven  through  the  lode  at  every  33 
feet.  After  thus  learning  the  exact  shape  of  the  lode,  a  "  side-tie"  C 
was  driven  in  the  country-rock,  alongside  the  lode  and  at  an  average 
distance  of  about  15  feet,  and  from  this  side-tie  cross-cuts  were  driven 
towards  the  lode  at  regular  intervals  of  33  feet.  The  side-tie  was 
kept  nearly  straight,  and  was  used  as  an  extraction-gallery ;  a  tram- 
way of  2-foot  gauge,  with  rails  of  30  pounds  to  the  yard,  being  laid 
in  it.  There  were  various  reasons  why  the  gallery  A,  along  the  wall 
of  the  lode,  was  not  utilized  as  an  extraction-gallery  ;  the  two  princi- 
pal ones  being  its  crookedness,  and  the  fact  that  it  became  surrounded 
by  "stowing"  or  "gobbing,"  which  necessitated  constant  timbering 
to  keep  it  open.  On  one  of  the  levels  it  was,  indeed,  attempted  to 
make  this  gallery  serve  for  extraction  ;  but  it  was  found  very  diffi- 
cult and  expensive,  and  quite  unsuitable. 

Both  walls  of  the  lode  are  slate,  in  which  all  galleries  had  to  be 
closely  timbered. 

When  the  cross-cuts  from  the  gallery  along  the  hanging-wall  had 
reached  the  foot-wall,  they  were  filled  with  stone,  carefully  piled  up, 
and  new  cross-cuts,  D,  were  then  driven  alongside  the  first  ones ; 
these  were  again  filled  up,  and  again  new  ones,  E,  were  made,  and 
so  on,  until  a  complete  slice  of  ore  had  been  removed  over  the  whole 
length  and  width  of  the  deposit.  All  the  galleries  and  cross-cuts 
had  a  uniform  size  of  6  by  6  feet,  so  that  the  height  of  the  first  slice 
removed  was  6  feet.  When  this  had  been  accomplished,  the  gallery 
A,  along  the  hanging-wall,  was  filled  up  and  a  new  gallery  was 
driven  right  above  it.  From  this  new  gallery  cross-cuts  were  again 
driven  through  the  mass,  and  filled  up  the  same  way  as  below,  but 
with  one  important  difference ;  while  the  first  slice  of  6  feet  had  to 
be  broken  out  of  the  solid  body  of  ore,  the  slice  next  above  was  now 
undercut  over  its  whole  area ;  in  fact,  it  was  resting  on  the  packing. 
This  made  the  blasting  very  much  cheaper;  so  that,  whereas  the 
contract-price  given  to  the  miners  in  the  first  slice  averaged  $0.50 
per  ton  of  ore,  it  was  only  $0.25  in  the  slice  next  above.  Again,  in 
the  first  slice  the  first  cross-cuts  in  the  solid  ore  cost  $0.76  per  ton 
of  ore,  and  the  secondary  cross-cuts,  which  were  really  widening 
out  the  first  ones,  only  cost  $0.42  per  ton.     These  figures  show  the 
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enormous  advantage  of  having  free  sides  for  the  working-faces — 
an  advantage,  by  the  way,  which  is  never  got  in  working  by  pillar- 


and-stall.     After  the  second   slice  had  been  removed,  a  third  was 
taken  away  in  the  same  manner,  and  so  on,  until  the  whole  lift  of 
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65  feet  was  removed.  The  working  was  not  limited,  however,  to 
one  lift  or  level,  but  three  were  attacked  simultaneously  in  the" same 
manner  ;  and,  at  the  present  day,  the  second,  third,  and  fourth  levels 
are  in  active  work,  and  the  fifth  is  in  jjreparation.  Fig.  3  shows,  in 
vertical  longitudinal  section,  the  condition  of  the  workings,  July  1, 
1891. 

It  might  be  expected  that  some  difficulty  would  be  experienced 
when  workings  of  one  floor  reach  the  stowing  of  the  floor  above. 
In  practice,  however,  it  is  found  that  the  stowing  gets  so  tightly 
packed  as  to  be  quite  firm,  and,  with  a  little  additional  care,  it  is 
comparatively  easy  to  mine  below  it.  No  galleries  nor  cross-cuts 
were  made  more  than  6  feet  high  and  6  feet  wide, and  no  new  cross- 
cut was  started  before  the  adjoining  one  had  been  properly  filled  in. 

During  the  filling-in  of  the  gallery  A,  on  the  hanging-wall,  a 
chute  was  built  up  in  rough  stone,  above  the  cross-cut  from  the 
side-tie.  Through  this  chute  the  ore  from  the  second  slice  was  thrown 
down  to  the  cross-cut.  When  the  second  slice  had  been  removed, 
and  the  next  gallery  filled  in,  these  chutes  were  carried  up,  and  so 
on  ;  and  these  always  served  for  sending  the  ore  down  to  the  cross- 
cuts and  thence  to  the  side-tie,  where  the  ore  was  loaded  into  wooden 
hutches  holding  about  ^  ton  each,  and  subsequently  trammed  to  the 
extraction-shaft. 

The  material  used  for  stowing  is  quartzite.  This  is  quarried  on 
the  top  of  a  hill,  about  700  yards  from  the  lode.  The  stone  is 
lowered  by  means  of  an  inclined  plane  to  the  level  of  the  mouths  of 
two  special  shafts  (marked  No.  7  and  No.  1  in  Fig.  2),  sunk  for  the 
purpose  of  delivering  stone  to  the  workings,  and  extending,  at  pres- 
ent, to  the  third  level,  with  loading-platforms  at  each  floor.  The 
stone,  loaded  in  hutches,  similar  to  those  used  for  the  ore,  is  lowered 
in  these  shafts  by  means  of  double  drums  with  brakes,  the  full  wagon 
going  down  pulling  up  the  empty  one.  The  stone  required  in  the 
fourth  level  is  landed  in  the  third  level,  and  trammed  through  the 
extraction-gallery  of  this  level.  This  extraction-level  is  connected 
with  the  workings  below  by  means  of  winzes ;  the  stone  is  tipped 
into  the  winzes  and  falls  almost  at  the  foot  of  the  working  to  be 
filled  up.  As  the  slices  are  removed,  these  winzes  get  filled  up  also, 
and  therefore  gradually  disappear,  while  the  ore- chutes  always  get 
longer.  Each  level  is  thus  supplied  with  stone  from  the  floor  above, 
and  the  stone  need  never  be  raised  by  hand.  *  All  the  winzes  for 
throwing  down  stone  are  made  in  the  hanging-wall;  they  are  about 
3  feet  square  and  very  securely  timbered. 
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A  good  deal  of  small  stuff  is  produced  in  the  quarry.  At  various 
tiuies  trials  were  made  to  use  these  smalls  in  the  filling  up,  as  it 
seemed  a  pity  to  throw  them  away.  It  was  found,  however,  not 
economical  to  do  this,  as  the  smalls  were  more  expensive  to  handle 
in  the  mine  than  the  big  stones,  and  also  because  stowing  done  with 
smalls  settles  down  far  too  much,  and  loosens  the  ore  above  to  a 
dangerous  extent,  making  a  very  treacherous  roof  in  the  workings 
higher  up. 

The  stowing  with  large  stone  is  so  firm  that  no  subsidence  of. the 
ground  over  the  mine  can  be  noticed,  although  a  very  large  quantity 
of  ore  has  already  been  removed,  as  may  be  seen  from  the  lonofitu- 
dinal  section.  Fig.  3. 

This  system  has  now  been  in  operation  for  eight  years,  during 
which  a  total  of  236,000  tons  has  been  extracted.  Only  one  man 
has  been  killed  by  falls  of  the  roof  during  all   this  period,  which 


Fig.  4. 


shows  that  the  system  is  not  a  dangerous  one.  All  the  cross-cuts  are 
kept  narrow  (6  feet) ;  very  few  props  are  used,  and  even  these  few 
are  generally  taken  away  before  stowing. 

The  average  quantity  of  ore  broken  by  a  miner  in  this  mine  is  3 
tons  per  shift  of  ten  hours,  as  against  |  ton  under  the  pillar-and- 
stall  system,  the  difference  being  due  to  the  ore  being  always  under- 
cut and  requiring  little  blasting. 

The  average  cost  of  work  in  1891  was  for  different  parts  of  the 
system,  as  follows  :    (See  Fig.  4.) 

Per  ton. 

First  cro.ss-outs,  B,  in  the  solid  ore, $0.76 

Cross-cnts,  D,  E,  F,  etc., 0.42 

First  cross-cuts,  6,  in  next  slice, 0.28 

Following  crosscuts,  rf,  e, /,  etc  , 0.24 
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This  shows  the  increased  economy  in  breaking  when  the  ore  is 
under-cut. 

The  cost  of  extraction  for  the  year  1890  was  as  follows : 

Cost  Per  Ton  Apart  Frorti  General  Expenses. 


Labor. — Superintendence,   , 

Breaking  the  ore, 

Loading  into  wagons  an 

Engine-men,  etc.,  . 

Stowing, 

Timbering,     . 

Unwatering,  . 

Various, 
Shops. — Carpenter  shop. 

Smithy, . 
Materials. — Explosives,    . 

Coal, 

Timber, 

Steel,      . 

Caskets, 

Grease,  . 

Various, 

Tools, 

Depreciation  of  machinery, 

"  of  wagons  and  rails, 


d  trammin 


$0.0128 
0.2372 
0.0501 
0.0362 
0.1569 
0.0152 
0.0048 

0.0078— $0,521 
0.0091 

0.0148—  0.024 
0.0436 
0.0353 
0.0331 
0.0022 
0.0074 
0.0078 

0.0031—  0.132 
0.0091 
0.0273 
0.0035—  0.040 


Total  per  ton, $0,717 

The  cost  of  stowing  per  cubic  yard  may  be  detailed   as  follows, 
one  cubic  yard  corresponding  to  about  2.7  tons  of  ore : 


Cost  Per  Cubic  Yard  for  1890. 

Superintendence, $0.0114 

Quarrying  stone,  inclusive  of  explosives,      ....  0.0556 

Throwing  small  stuff  over  dumps 0.0540 

Transport  of  stone  to  shafts  and  lowering  down  in  shafts,     .  0.0931 

Underground  transport  from  shafts  to  winzes  and  topping,  .  0.0654 

"                  "          from  winzes  to  workings,          .         .  0.0720 

Building  up  in  workings, 0.0360 

Various, 0.0164 

Total  per  cubic  yard, $0.4039 


For  the  better  appreciation  of  these  cost-sheets,  I  may  here  give 
the  average  daily  wages  earned  by  workmen  in  the  district : 
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Wages  Earned  Per  Day. 


Foreman  of  the  mine, 
Engine-drivers, 
Stokers,  . 
Carpenters, 
Smiths,    . 
Masons,  . 
Miners,  . 
Trammers, 
Ordinary  laborers,  . 
Boys  and  girls, 
Cost  of  coal,    . 

"       firewood,     . 

"       six-foot  props,  each, 


Reals. 

Dollars. 

24 

1.00 

20 

0.87 

10 

0.43 

20 

0.87 

20 

0.87 

16 

0.70 

12  to  16 

0.52  to  0.70 

12 

0.52 

10 

0.43 

6  to  8 

0.26  to  0  35 

150 

6.54 

45       • 

2.00 

10 

0.43 

The  following  is  the  cost  of  a  ton  of  ore,  rained  by  the  pillar-and- 
.etall  system,  where  other  conditions  are  the  same  as  above : 


Cod  of  Pillar-and-Stall  System  Per  Ton  of  Ore. 

Labor. — Superintendence, $00128 

Breaking  the  ore, 0.6540 

Loading  into  wagons  and  tramming,  .         .       0.0501 
Engine-men,  etc.,        .....       0.0362 

Timbering, 0.0152 

Unwatering, 0.0048 

Various, 0.0078— $0,781 

Shops 0.024 

Material.":, 0.132 

Tools, 0.009 

Depreciation,    .         . 0.031 

Total  per  ton, $0,977 

The  cheaper  working  over  the  pillar-and-stall  system  is  entirely 
on  account  of  the  cheaper  breaking  of  the  ore,  the  difference  being 
about  $0.26  per  ton. 

The  system  here  described  was  started  by  Mr.  C.  Roepell,  M.E., 
and  subsequently  carried  on  by  the  writer  and  Mr.  P.  E.  Carr,  M'.E. 
It  can  be  applied  in  all  large  masses  and  wide  lodes,  and  is  a  .safe 
and  economical  mode  of  getting  all  the  ore. 

The  Cabezas  del  Pasto  mine  is  one  of  the  mines  worked  by  the 
Bede  Metal  and  Chemical  Company,  Lim'd,  of  Newcastle-on-Tyue. 
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THE  PBESEBYATION  OF  THE  HEARTH  AND  BOSH-WALLS 
OF  THE  BLASTFUBNACE. 

BY  JAMES  GAYLEY,  BRADDOCK,  PA. 

(Baltimore  Meeting,  February,  1892.) 

The  liuins  of  the  hearth  and  bosh  of  a  blast-furnace  has  natu- 
rally  come  to  be  considered  its  weakest  part,  being  subject  not  only 
to  abrasion,  but  also  to  intense  chemical  action.  In  order  to  pro- 
vide against  rapidity  of  wear,  it  was  formerly  customary  to  build  the 
lining  from  the  mantle  to  the  top  first,  and  to  put  in  afterwards  the 
hearth  and  bosh,  drawing  the  latter  into  a  recess  that  had  been  re- 
served for  it  in  the  upper  lining.  At  some  works  this  practice  still 
prevails  ;  but  through  the  progressive  development  of  cooling-devices, 
it  has  become  possible  to  protect  the  bosh  so  well  as  to  make  it  the 
most  durable  part  of  the  furnace.  The  main  question  now  is,  by 
which  one  out  of  several  methods  the  best  economy  results  can  be 
obtained.  The  plain  bosh-jacket,  made  of  wrought-iron  or  steel, 
and  frequently  called  the  air-cooled  jacket,  was  a  great  improvement 
over  the  crinoline-construction  formerly  in  vogue;  but  it  was  diffi- 
cult in  many  cases  to  persuade  furnace- managers,  that  in  order  to 
secure  its  best  effects,  they  must  discard  the  thick  bosh-walls  and 
put  in  comparatively  thin  ones.  Mr  John  M.  Hartman,  who  did 
more  perhaps  than  any  one  to  extend  the  use  of  these  jackets,  in- 
variably contended  for  a  13-inch  wall,  the  thin  wall  being  an  essen- 
tial part  of  this  construction.  Later,  a  coil  of  pipe  was  placed  just 
inside  the  jacket,  through  which  water,  circulating  freely,  contributed 
further  to  the  proper  maintenance  of  the  walls.  Undoubtedly  much 
better  results  have  been  obtained  in  practice  where  the  iron  jacket 
has  been  supplemented  by  a  coil  in  this  way.  It  is  safe  to  say  that 
this  combination  of  water-coil  and  jacket  is  much  better  than  exter- 
nal sprays  on  the  jacket ;  but  it  does  not  prevent  the  brick-work 
from  cutting  entirely  away,  which  enlarges  the  bosh  to  that  extent 
and  interferes  with  the  economy  and  output  of  the  furnace.  In  case 
of  leakage  or  stopping-up  of  the  pipes,  they  cannot  be  replaced.  A 
leading  blast-furnace  manager  who   is   now  using   this  construction 
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advises  me  that  "while  the  furnace  is  not  particularly  unsatisfac- 
tory, yet  the  fuel-consumption  is  much  higher  than  that  of  a  year 
ago,  and  the  product  less."  Such,  in  fact,  has  been  the  common 
experience  of  users  of  this  arrangement.  On  the  other  hand,  there 
is  nothing  else  that  has  proved  so  durable  a  protection  for  the  bosh  in 
the  manufacture  of  ferro  and  spiegel,  both  of  which  are  unusually 
severe  on  the  lining.  Nevertheless,  I  believe  it  is  generally  agreed 
that  in  a  furnace  making  pig-iron,  a  cooling-plate  or  box  inserted  in 
the  brick-work  will  not  only  afford  equal  protection  against  break- 
ing-out, but  will  prove  more  economical. 

It  is  not  the  purpose  of  this  pap  r  to  give  a  complete  history  of 
the  various  stages  in  the  development  of  cooling-arrangements  for 
protecting  the  bosh,  but  principally  to  point  out  some  of  the  promi- 
nent features  of  those  that  are  now  used. 

Among  the  first  plates  that  came  under  my  notice  were  those  used 
by  Mr.  Joseph  Hunt  at  the  Crane  Iron  Works  in  1877,  a  section  of 
which  is  shown  in  Fig.  1. 


Fig.  I. 
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Hunt's  Bosh  Cooling-plate. 

Each  of  these  plates  was  an  iron  casting,  containing  a  single  coil 
of  pipe,  located  near  the  inside  edge.  They  were  cast  in  segments, 
and  were  made  to  serve,  by  means  of  the  projecting  edge,  the  double 
purpose  of  coolers,  and  binders  to  the  brick-work.  They  were  built 
in  flush  with  the  outside  of  the  lining.  The  water-pipe  did  not  ex- 
tend in  as  far  as  is  now  customary ;  and  hence,  as  the  cooling  was 
done  nearer  to  the  outside  of  the  lining,  not  so  much  benefit  was 
derived  as  if  the  pipe  had  been  placed  further  in ;  yet  even  from  this 
inefficient  arrangement  much  advantao;e  was  realized. 

Another  form  much  used  had  a  snake-shaped  coil  in  the  casting, 
cooling  more  of  the  sectional  area. 

The  importance  of  a  durable  bosh-wall,  requiring  the  cooling- 
agent  to  be  closer  to  the  inner  edge  of  the  wall,  led  to  the  employ- 
ment of  the  two-arm  cast-iron  plate,  shown  in  Fig.  2. 

In  order  to   have  a  reserve  water-way  a  second  pass  was  added. 
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These  passes  were  coupled  togetlier,  and  in  many  cases  the  water 
circuit  was  through  two  plates.  Unless  the  water  is  pure  and  free 
from  sediment,  this  kind  of  plate  is  not  very  durable.  It  frequently 
happens  that  quite  early  in  the  blast  the  inner  coil  is  destroyed  ;  and 
although  the  water  is  kept  running  through  the  outer  one,  yet  the 
furnace-lines  are  widened  out,  and  an  irregular  shape  is  given,  de- 
pending on  the  position  of  the  destroyed  passes. 

From  the  success  of  the  bronze  over  the  iron  tuyere,  it  was  a 
natural  inference  that  a  bronze  bosh-plate  would  in  the  same  manner 
surpass  one  made  of  iron ;  consequently,  a  two-pass  bosh  plate  was 
made  by  Messrs.  Best,  Fox  &  Company  of  Pittsburgh,  from  the  de- 
signs of  Mr.  Julian  Kennedy,  and  built  into  the  bosh  of  one  of  the 
Lucy  furnaces.  About  this  time,  or  a  little  earlier,  other  experi- 
ments were  made  in  the  direction  of  using  copper  and  bronze  for 
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Kennedy's  LusU  v^uuung-plate. 


bosh-cooling.  In  1884  Mr.  Cremer  equipped  one  of  the  Edgar 
Thomson  furnaces  with  cooling-plates,  inserted  vertically  around  the 
bosh,  only  one  row  being  used.  Some  of  these  plates  consisted  of 
cast-iron,  enclosing  a  single  copper  tube;  the  others  were  hollow 
boxes  of  copper-bronze,  4  feet  long,  2  feet  wide,  and  3  inches  thick 
on  the  outside;  if  I  remember  rightly,  they  were  given  a  slight 
taper.  These  plates  and  boxes  were  inserted  alternately  in  the  ver- 
tical slots  in  the  iron  bosh-jacket,  and  were  held  in  position  by  suit- 
able fastenings  at  the  top  and  bottom,  in  such  a  way  that  they  could 
be  readily  removed.  I  had  an  o])portunity  of  seeing  one  of  each 
type  removed.  In  that  one  having  the  copper  pipe,  about  half  the 
cast-iron  had  been  melted  off,  and  the  coil  had  sagged  down  along 
the  bosh-wall,  affording  little  or  no  protection  against  the  cutting- 
back  of  the  walls.  On  the  other  hand,  the  bronze  box-casting  was 
taken  out  in  perfect  shape  and  was  easily  withdrawn.  It  shon-ed  in 
a  marked  degree  the  superiority  of  a  bronze  water-way  over  a  coil 
in  cast-iron.  This  test  showed  besides,  that  vertical  plates  are  not 
suited  for  cooling-purposes;  for  the  boshes  were  corrugated  verti- 
cally. 
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In  the  two-pass  plate  designed  by  Mr.  Kennedy,  the  water-ways 
are  simply  openings  in  the  bronze  casting,  no  coil  being  used.  These 
plates  are  placed  horizontally  in  the  brick- work  in  rows  about  two 
feet  apart,  and  connected  singly  or  together  according  to  their  loca- 
tion and  the  head  of  water.  The  frequent  losing  of  the  inner  pass 
in  the  two  lower  rows  not  only  permits  the  furnace  to  widen  out 
considerably,  and  at  the  same  time  irregularly,  but  on  account  of 
their  irremovability  (without  cutting  a  large  mass  of  brick-work 
away)  a  great  loss  ensues  through  the  waste  of  bronze  metal,  my 
experience  being  that  not  over  40  per  cent,  of  the  bronze  was  ob- 
tainable at  the  end  of  the  blast.  Nevertheless,  the  bronze  plate  was 
in  every  way  more  economical  than  the  iron  coil. 

Two  separate  cases  have  come  under  my  observation  in  which  two 
furnaces  of  the  same  design  and  capacity  were  working  side  by  side, 
one  equipped  with  the  iron-coil  arrangement,  the  other  with  bronze 
plates.  In  both  cases  the  furnace  having  the  bronze  showed  much 
more  economical  results  than  the  other,  both  in  fuel  and  product.  It 
may  be  argued  that  two  furnaces  of  the  same  dimensions,  using  the 
same  stock,  and  even  identical  as  to  all  parts  of  their  equipment, 
will  always  give  diverse  results.  This  is  in  a  great  measure  true, 
but  I  contend,  that  with  the  steady  progress  of  our  practice  it  is  be- 
coming less  true  every  year  ;  and  if  we  except  a  certain  individuality 
which  seems  to  belong  to  all  furnaces,  we  may  expect  to  see  it  dis- 
appear. 

Concerning  the  comparative  effect  on  furnace- walls  of  bronze  and 
iron-coil  plates,  I  would  mention  a  case  in  which  our  furnaces  were 
banked  for  several  months.  On  cleaning  out  the  hearth,  preparatory 
to  starting  up,  it  was  found  that  through  the  gradual  combustion  of 
the  coke,  the  ore  in  the  charge  had  fused  into  a  large,  compact  mass, 
and  was  suspended  from  the  top  of  the  bosh.  This  mass  was  in  the 
shape  of  an  inverted  cone,  and  securely  held  the  stock  above,  thus 
presenting  a  complete  view  of  the  bosh-walls.  It  was  found  that 
the  bronze  plates  extended  about  4  inches  through  the  bosh-coating, 
and  had  preserved  their  horizontal  position,  as  shown  in  Fig.  3  on 
the  side  marked  "A" ;  proving  that  in  operation  the  furnace-lines 
had  been  uniformly  maintained.  In  the  case  of  the  iron-coil  plates 
it  was  found  that  although  water  was  passing  through  the  inner  coil, 
all  the  cast-iron  had  been  melted  off  up  to  the  second  coil,  and,  as 
is  shown  on  the  side  marked  "  B,"  the  inner  coil  was  hanging  down 
almost  beneath  the  other,  widening  the  furnace  to  that  extent.  This 
demonstrated  conclusively  that  while,  from   an  external   point  of 
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view  the  indications  of  efficiency  {i.e.,  the  passage  of  water  through 
both  coils)  were  present,  yet  they  were  not  proof  positive  of  the 
preservation  of  the  bosh-walls.  In  these  cases  the  wall  between  the 
plates  is  shown  to  be  cut  back,  making  horizontal  corrugations. 
This  condition  does  not  exist,  however,  when  the  furnace  is  in  ope- 
ration;  since  these  cavities  are  then  filled  with  carbon  and  cinder- 
material  out  to  the  edge  of  the  plate,  which  determines  the  straight 
line  of  the  bosh. 


Fig.  3. 


Scale  >^-=l  Am.BukM<>uC<>.M.T. 

Sections  Showing  Effect  of  Wear  on  Bronze  (A)  and  Iron  {B)  Cooling-plates. 

The  changing  of  the  furnace-shape  through  loss  of  water-ways  in 
the  plate,  and,  in  addition  thereto,  the  great  waste  of  metal  occasioned 
by  such  loss,  has  naturally  resulted  in  a  demand  for  a  horizontal 
plate  that  can  be  withdrawn. 

Fig.  4  shows  a  furnace  equipped  with  a  bronze  bosh  cooling-box, 
designed  by  Mr.  Fronheiser  of  Johnstown,  and  used  for  the  past  ten 
years  at  the  Cambria  Iron  Co.'s  furnaces,  where  it  has  given  satisfac- 
tion. This  is  an  ingenious  arrangement  whereby  waste-water  from  the 
coolers  is  used  for  cooling  the  bosh.     The  boxes  are  made  tapering  on 
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the  sides  and  top  for  the  purpose  of  easy  removal.  The  waste-water 
from  the  cooler  is  carried  up  through  a  vertical  pipe  and  discharged 
into  a  2-inch  circular  main  above  the  topmost  row  of  boxes;  from 
this  distributing  main  it  flows  into  the  upper  boxes  through  an  open- 
ing at  the  bottom,  discharging  through  an  openingat  the  top  into  the 
next  lower  course,  and  so  on.  A  main  supply  is  provided,  in  case 
more  water  should  be  needed  than  is  obtained  from  the  tuyeres.     It  is 
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Fronheiser's  Arrane-ement  of  Bosh  Cooling-boxes. 


claimed  that  leaks  are  readily  detected,  as  the  back  of  the  boxes  is 
open  at  the  top.  The  water  being  used  at  low  pressure,  not  much 
would  penetrate  the  furnace  even  in  case  of  a  leak.  These  boxes  are 
built  in  the  bosh,  when  the  bracing  is  done  with  steel  rails  bent  to 
conform  to  the  slope  of  the  bosh  ;  and  also  when  the  bosh  is  held  by 
an  iron  jacket,  openings  being  cut  wherever  necessary  for  the  inser- 
tion of  the  box. 
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Another  form  of  cooling-plate,  shown  in  Fig.  5  was  designed  by 
Mr.  James  Scott,  of  the  Lucy  furnaces,  Pittsburgh,  and  is  now  being 
built  in  one  of  their  furnaces.  This  plate  combines  the  removable 
feature  of  the  Fronheiser  box  and  the  high-pressure  water-feed  of  the 
two-pass  bronze  plate.  By  a  reference  to  Fig.  5  it  will  be  seen  that 
the  cooling-surface  extends  the  full  length  of  the  plate,  the  course 
being  interrupted  by  baffles  to  induce  a  more  rapid  current  for  efB- 
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Scott's  Arrangement  of  Bosh  Cooling-plates. 

cient  cooling.  The  top  of  the  plate  is  curved  and  tapers  toward  the 
inner  edge.  The  enclosing  brick-work  is  patterned  to  the  curvature 
of  the  plate.  Mr.  Scott  claims  in  his  patent-specifications  that  "the 
destruction  of  bosh-plates  has  not  been  due  so  much  to  burning  as  to 
the  manner  in  which  they  have  been  set  in  the  walls,  it  being  the 
practice  to  build  tliem  in  the  wall  with  the  bricks  bearing  directly  on 
them  from  above  and  at  the  sides,  so  that  when  the  brick-work  expands 
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by  reason  of  the  heat  of  the  furnace,  it  strains  and  breaks  the  bosh- 
plate."  In  order,  then,  to  relieve  the  plate  from  any  pressure,  an 
arch  is  sprung  from  a  skewback  between  the  plates,  of  such  radius  as 
will  be  necessary  to  conform  to  the  curvature  of  the  top.  The  space 
between  the  plate  and  the  arch  is  filled  with  a  packing  of  fire-clay. 
The  bricks  used  here  are  preferably  made  in  special  shapes,  and  while 
making  a  strong  arch,  also  contribute  to  the  ease  and  rapidity  of 
construction.  A  heavy  iron  band,  passing  over  the  top  of  these  arch- 
bricks,  holds  them  securely  in  place.     Five  rows  of  these  plates  will 
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Gayley's  Arrangement  of  Bosh  Cooling-plates. 

be  used  at  the  Lucy  furnace;  and  although  they  have  not  had  thus 
far  a  practical  trial,  yet  they  have  been  carefully  designed  and  will 
give  good  results.  The  construction  will  permit  the  easy  removal 
and  rapid  replacement  of  a  plate  when  necessary  from  any  cause. 

Fig.  6  shows  a  cooling-plate  of  my  own  design,  prepared  to  meet 
the  requirements  at  the  Edgar  Thomson  furnaces.  It  is  wedge- 
shaped,  with  plain  surfaced  top  and  bottom,  the  water-way  being 
confined  to  the  inner  half  of  the  plate  and  made  ten  inches  wide, 
providing  a  large  amount  of  cooling-surface ;  the  outer  half  is  open 
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and  divided  by  webs,  which  support  the  upper  side  of  the  plate.  It 
is  unnecessary  to  extend  the  water-way  any  further  back,  since  fre- 
quent observations  of  the  bosh-wall  have  shown  that  this  is  sufficient 
to  cover  the  highly-heated  section.  In  the  water-chamber  are  vertical 
studs  for  supporting  the  upper  side,  although  I  question  much  if  this 
is  neceasary,  as  the  bosh  brick- work  is  so  well  set  and  firmly  braced 
that  when  we  have  had  occasion  to  change  some  of  the  two-pass 
Kennedy  bronze  plates,  we  were  able  to  cut  an  opening  extending  7 
feet  around  the  furnace,  and  of  the  width  of  three  bricks  high,  in 
which  the  upper  course  remained  intact.  No  special  brick  are  re- 
quired;  the  common  9-inch  and  13-inch  brick,  such  as  we  ordi- 
narily use  for  our  furnace-linings,  answer  the  purpose  in  every  way. 
In  a  furnace  newly  lined  and  put  in  blast  in  May,  1891,  the  two 
lower  rows  were  fitted  with  these  plates  (which  were  made  by  Best, 
Fox  &  Co.,  of  Pittsburgh),  and  in  another  furnace,  blown  in  in  the 
following  June,  the  three  lower  rows  were  fitted  in  the  same  way,  the 
upper  rows  being  supplied  with  plates  of  the  old  pattern  that  we  had 
on  hand.  In  January,  1891,  three  of  these  plates  were  first  used  in 
repairing  an  old  furnace,  and  since  then  we  have  used  them  exten- 
sively in  repairing  our  other  furnaces.  At  the  present  time  we  are 
using  them  in  six  of  our  furnaces,  and  out  of  the  number  used  we 
have  had  to  change  three  on  account  of  leaking,  the  time  of  removal 
occupying  from  twenty  to  twenty-five  minutes,  and  no  trouble  being 
found  in  inserting  the  new  plate,  as  the  brick-work  remained  intact. 
A  fact  worthv  of  notice  is,  that  the  plates  found  leaking  were  inva- 
riablv  in  an  ohl  furnace  that  had  been  repaired,  the  reason,  I  pre- 
sume, being  the  difficulty  of  getting  a  substantial  support  at  the 
inner  side  in  an  old  wall.  In  cases  where  these  plates  were  built  in 
at  the  time  of  re-lining,  we  have  never  had  the  least  indication  of  a 
leak.  This  has  also  been  the  experience  elsewhere.  One  of  the 
furnaces  of  the  Cleveland  Rolling  Mill  Company,  Cleveland,  Ohio, 
was  blown  in  August  1st,  having  been  equipped  with  the.se  plates 
above  the  tuyeres.  Mr.  Mokate,  the  superintendent,  writes  me  that 
"on  account  of  bad  water  these  plates  were  u.sed  above  the  tuyeres, 
where  thev  would  be  subjected  to  the  most  severe  test.  The  water 
was  not  only  muddy,  but,  besides,  was  oily,  from  the  discharge 
of  the  Standard  Oil  Company's  sewer.  With  all  this  to  contend 
against,  we  have  not  lost  a  plate,  nor  have  we  had  any  trouble 
with  them  in  any  way.  During  this  blast  the  furnace  has  worked 
exceedingly  well,  having  both  increased  output  and  low  fuel-con- 
sumption." 
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As  already  observed,  this  plate  is  provided  with  only  one  water- 
way. The  back  space  could  be  converted  into  a  water-way,  but  it  is 
unnecessary;  in  fact,  the  value  of  a  two-pass  plate  is  delusive. 
Theoretically,  it  is  a  splendid  thing  to  have  a  course  in  reserve  when 
the  inner  one  has  become  destroj'cd  ;  but  with  the  destruction  of  the 
inner  course  there  follows  not  only  a  change  in  the  shape  of  the  fur- 
nace, but  also  the  loss  of  a  considerable  quantity  of  valuable  bronze. 
In  fact,  a  plate  without  any  reserve  course  is  particidarly  to  be  de- 
sired, as  it  necessitates  an  immediate  withdrawal.  In  many  cases 
the  withdrawn  plate  can  be  plugged  and  re-inserted,  as  is  frequently 
done  with  tuyeres.  In  building  these  plates  into  the  wall,  the  ex- 
posed side  can  be  left  open,  as  shown  at  "  A,"  or,  if  desired,  to  pre- 
serve the  continuity  of  the  brick-work,  a  few  loose  bricks  can  be  in 
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serted,  as  at  "B;"  but  these  bricks  are  no  part  of,  and  contribute 
nothing  to  the  strength  of  the  walls.  This  plate  can  be  withdrawn 
by  means  of  an  extemporized  screw-jack,  applied  in  the  manner 
shown  in  Fig.  7. 

Although  the  first  cost  of  bronze  plates  is  somewhat  greater  than 
that  of  iron  ones,  the  difference  is  covered  many  times  over  by  in- 
creased economy.  Before  the  introduction  of  bronze  plates,  the  usual 
experience  as  to  fuel-consumption  was  a  minimum  quantity  at  the 
commencement  of  the  blast,  gradually  increasing  until  at  the  end  it 
was  abnormally  high.  On  the  other  hand,  it  has  been  a  common 
experience,  where  the  walls  were  equipped  with  bronze  cooling- 
plates,  that  the  fuel-consumption  at  the  end  of  the  blast  was  very 
little  in  excess  of  that  at  the  early  part. 

There  is  much  difference  of  opinion  with  regard  to  the  height 
above  the  tuyeres  at  which  bosh-plates  can  be  used  with  advantage. 
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We  have  not  placed  them  above  12  feet  at  the  Edgar  Thomson 
furnaces,  but  they  have  been  used  higher  at  other  works  with  good 
results. 

Besides  thie  use  of  cooling-plates  for  the  preservation  of  the  bosh, 
the  bricks  themselves  are  a  matter  of  equal  importance.  In  recent 
years  there  have  been  changes  in  design  and  method  of  construction, 
but  very  little  in  the  brick-material.  This,  I  think,  is  proper 
enough,  as  the  fire-clay  bricks  now  available  are  about  as  good  as 
can  be  made.  Moreover,  very  little  depends  on  the  durability  of 
the  brick.  I  question  very  much  whether  the  bricks  in  any  lining 
would  last  a  week  were  they  subjected  directly  to  the  tremendous 
scouriug-action  of  the  cinder  that  prevails  in  the  bosh-enclosure.  It 
is  a  well-known  experiment  that  if  a  fire-brick,  such  as  is  used  in 
the  bosh,  be  suspended  in  the  cinder  runner,  and  a  hot  flush  of  cin- 
der allowed  to  run  over  it,  it  will  be  found  to  dissolve  about  as 
readily  as  does  sugar  in  water.  The  fusibility  of  fire-brick  in  the 
blast-furnace  was  brought  to  my  attention  in  a  very  marked  way,  on 
one  occasion,  at  the  Edgar  Thomson  works.  It  was  reported  that 
the  top  lining  of  one  of  our  furnaces  appeared  to  be  worn  through. 
The  stock  was  immediately  lowered  about  30  feet  to  make  an  exami- 
nation. On  looking  into  the  furnace  it  was  found  that  at  25  feet 
from  the  top  the  fire-brick  lining  was  worn  through  to  the  9-inch 
wall  of  red  brick  put  in  as  a  back  lining,  and  was  resting  entirely 
on  the  stock,  and  moving  down  with  it.  Arrangements  were  made 
at  once  to  withdraw  the  contents  of  the  furnace  through  the  tuyere- 
openings.  A  large  force  was  put  on,  working  night  and  day  to  get 
the  material  out  as  quickly  as  possible.  We  were  expecting  to  have 
trouble  with  a  large  mass  of  semi-fused  brick;  for  while  the  lining 
was  worn  through  about  25  feet  down,  yet  the  upper  part  was  in 
very  good  shape,  and  the  drawing  in  to  fit  the  hopper  had  required 
a  large  mass  of  brick-work.  At  the  end  of  two  days  we  had  the 
furnace  emptied  to  the  tuyeres,  and,  much  to  my  surprise,  not  a  sign 
of  brick  was  seen.  There  was  nothing  to  suggest  anything  different 
from  emptying  a  furnace  under  ordinary  circumstances.  The  bricks 
had  readily  melted,  and  had  probably  fluxed  some  of  the  lime  or 
basic  material  of  the  charge,  making  them  indistinguishable.  This 
occurrence  showed  how  readily  unprotected  fire-brick  could  be  de- 
stroyed in  the  hotter  portion  of  the  furnace. 

It  is  through  the  protection  afforded  by  carbon  that  the  bricks  of 
the  bosh  are  thoroughly  preserved.  Simultaneously  with  the  com- 
mencement of  the  smelting-operation,  there  is  deposited  a  coating  of 
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carbonaceous  material  on  the  walls,  which,  as  the  process  advances, 
replaces  the  brick  to  tiie  depth  of  several  inches;  and  investigations 
have  shown  that  this  substitution  is  best  promoted  through  the 
medium  of  a  basic  cinder.  This  may  explain,  in  a  measure,  a  com- 
mon saying  in  the  anthracite  iron-district,  that  "  it  is  best  to  blow  in 
hot  and  limey."  ' 

This  coating  of  carbon  material  is  also  exceedingly  tough  and 
durable.  We  have  frequently  cut  out  the  brick-work  to  replace 
bosh-plates  (of  the  two-arm  pattern,  built  in  the  wall),  and  have  in- 
variably found  this  material  far  more  difficult  to  {)enetrate  than  the 
bricks,  showing  that  it  is  valuable  not  only  as  a  protective  covering, 
but  as  contributing  materially  to  the  strength  of  the  wall. 

It  has  been  frequently  observed  by  blast-furnace  managers  that 
under  certain  circumstances  the  bosh  would  "build  up,"  and  that 
during  this  period  the  results  would  be  surprisingly  good ;  while, 
subsequently,  owing  to  the  widening  out  of  the  bosh  by  some  cause, 
the  results  would  be  quite  inferior. 

On  blowing-out  a  lurnace,  it  is  invariably  the  case  that  the  walls 
are  found  protected  with  a  carbon  coating,  and  it  would  appear  that 
this  carbon  substitution  is  done  very  thoroughly  at  an  early  period 
in  the  blast.  My  attention  was  first  called  to  this  point  in  1878,  when 
No.  5  furnace  of  the  Crane  Iron  Company  was  blown-out  for  some 
cause  after  a  blast  of  less  than  a  month;  and  it  was  found  that  the 
carbon-substitution  was  as  thorough  in  the  hearth  as  after  a  blast  of 
three  years,  but  not  to  the  same  extent  along  the  bosh. 

In  1890  I  had  some  samples  taken  from  the  bosh-walls  of  two 
furnaces  that  we  had  blown  out,  the  results  of  which  are  as  follows  : 


I. 

One 

sample. 

Per  cent. 

II. 

Average  of 

two  samples. 

Per  cent. 

IIL 

Special 
sample. 
Percent. 

IV. 

Average  of 

six  samples. 

Per  cent. 

Carbon, 

.     46.62 

28.15 

23.79 

35.75 

Silica, 

.     17.50 

22.05 

26.57 

24.70 

Iron,    .         .         .         . 

.       5.12 

2.01 

16.40 

4.78 

Alumina,     . 

.      7.07 

8.63 

8.71 

10.89 

Magnesia,  . 

Lime,           ... 

.      3.01 
.     15.78 

3.76 
27.63 

2.85 
17.96 

6.78 
14.22 

Calcium  sulphide, 

.       2.35 

2.89 

3.76 

2.85 

Xos.  I.  and  IL  are  from  one  furnace;  IIL  and  IV.  from  another. 


From  this  it  will  be  seen  that  the  limits  in  carbon  are  from  23  to 
46  per  cent.,  with  an  average  from  all  the  analyses  of  33.58  per 
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cent.     Analysis  number  IV.  embraces  more  samples,  and  is,  there- 
fore, more  representative  than  either  of  the  others. 

In  October,  1891,  furnace  "A,"  having;  sheared  the  rivets  half 
way  round  on  one  seam  of  the  jacket,  and  leaning  over  to  such  an 
extent  that  it  was  impossible  to  remedy  it,  was  dismantled  prepara- 
tory to  erecting  a  new  stack.  In  the  process  of  tearing  down  the 
lining,  it  was  noticed  that  the  bricks  in  the  upper  part  of  the  bosh 
had  on  their  exposed  ends  a  substitution  of  carbon-material  to  the 
depth  of  over  two  inches.     The  bricks,  as  shown  in  Fig.  8,  were  of 

Fig.  8. 


mmw- 


boalc  lis.=  1 

Fire-brick,  Showing  (Jarbon  Substitution  on  End. 

standard  length,  and  the  dividing  line  between  the  carbon  and  the 
clay  was  well  defined.  The  material  had  the  appearance  and  con- 
sistency of  plumbago.     An  analysis  of  it  showed  as  follows: 

Per  cent. 

Carbon, 35.71 

Silica, 20.90 

Iron, 4.50 

Aiiinaina, 7.71 

Magnesia,  ...........       3.26 

Lime, 3.12 

Barium  oxide,  .         .         .         .         .         .         .         •         •         •         .1.01 

Sulphur, 0.24 

Manganese, 17.70 

The  presence  of  such  a  large  quantity  of  manganese  is  due  to  the 
fact  that  the  furnace  was  making  ferro-manganese  at  the  time.  Com- 
paring this  with  analysis  IV.,  given  above,  it  will  be  seen  that  the 
carbon  percentage  is  identical.  In  appearance,  however,  the  samples 
of  IV.  were  more  like  coke  than  plumbago. 

In  1890,  we  used  some  bricks  made  of  fire-clay  and  graphite  for 
repairing  a  badly-worn  spot  in  the  bosh-wall  of  one  of  our  old  fur- 
naces where  previously  it  had  been  difficult  to  get  any  kind  of  fire- 
brick to  stand,  the  result  being  that  we  had  no  more  trouble  with  it 
during  the  blast.  Arrangements  were  subsequently  made  with 
^Messrs.  Harbison  &  Walker,  of  Pittsburgh,  to  furnish  us  with  car- 
bon-brick in  sufficient  quantity  to  re-line  a  hearth  and  bosh.  A 
considerable  time  was  spent  in  experimenting  with  l)ricks  of  a  great 
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variety  of  compositions,  and  requiring  different  treatment.  As  a 
result  of  this  thorough  testing  they  have  been  able  to  make  a  very 
superior  quality  of  carbou-brick.  Three  different  kinds  of  brick 
were  furnished,  viz.,  graphite  and  clay,  coke  and  clay,  and  coke  and 
tar.  These  brick  have  been  built  in  the  lining  of  furnace  "A,"  as 
shown  by  the  shaded  portion  of  the  drawing  in  Fig.  9.  In  order  to 
make  a  test  of  the  different  kinds  of  carbon-brick  the  bottom  of  the 


Fig.  9. 


Furnace  A,  with  Carbon-brick  Lining. 


hearth  was  built  of  those  made  of  graphite  and  clay;  while  along 
the  hearth-wall  and  bosh  there  were  used  those  made  of  clay  and 
coke  and  tar  and  coke ;  each  being  placed  in  a  separate  location  for 
the  purpose  of  testing  its  durability.  The  material  used  for  joining 
the  bricks  was  a  mixture  of  fire-clay  and  ground  coke.  It  was  the 
intention  to  build  the  bricks  clear  out  to  the  jacket,  but  the  supply 
on  hand  would  not  permit  such  extensive  use.  The  carbon-brick 
lining  along  the  bosh  was  therefore  made  9  inches  thick,  and  was 
carried  up  a  distance  of  12  feet  above  the  center-line  of  the  tuyeres. 
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In  the  drawing,  the  unshaded   portion  represents  fire-brick.     The 
analyses  of  the  coke-bricks  are  as  follows: 


Coke  and  clay.    Coke  and  tar. 


Per  cent. 

Carbon, 64.23 

Silica, 2L51  * 

Oxide  of  iron, L41 

Alumina, 12.05 

Lime, 0.67 

Magnesia, 0.29 


Per  cent. 
87.26 


Ash     12.74 


100.16 


100.00 


In  order  to  protect  the  carbon-bricks  during  the  periods  of  drying- 
out  and  blowing-in,  a  wall  of  9-inch  fire-clay  bricks,  placed  on  edge, 
was  built  in  front  of  them. 


Fig.  10. 


Scale  H"=  l 

Furnace  hearth,  Enclosed  in  a  Steel  Tank  and  Resting  on  I-Beams. 

In  Germany,  carbon-bricks  have  been  used  for  the  construction 
of  the  bottom  and  hearth-Avalls  up  to  the  tuyeres,  the  practice  being 
to  use  bricks  and  blocks,  and  in  some  cases  to  ram  the  carbon  mate- 
rial in. 

Hitherto  the  practice  has  been  not  to  extend  these  bricks  above  the 
tuyeres;  but  at  the  Gelsenkirchen  furnace,  which  was  to  be  re-lined 
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last  year,  it  was  proposed  to  build  the  bosh  with  carbon-brick.  They 
have  proved  very  beneficial  in  preventing  break-outs  of  iron  and 
cinder  ;  in  fact,  since  the  use  of  them  began,  no  break-outs  have  oc- 
curred. 

Although  the  hearth  cooling-jacket  is  not  dispensed  with,  yet  the 
indications  are  that  it  will  be,  as  no  water  is  required  for  cooling 
except  at  the  tuyeres. 

In  some  furnaces  where  the  carbon-bricks  are  used,  the  hearth 
stands  free,  being  enclosed  in  a  steel  tank  and  supported  on  I  beams, 
as  shown  in  Fig.  10.  In  fact,  one  can  crawl  under  the  bottom  if  he 
so  desires.  On  account  of  not  using  water  around  the  hearth,  and 
not  having  break-outs,  a  comparatively  safer  practice  is  obtained ; 
and  besides,  there  is  no  troublesome  salamander  to  deal  with  after 
blowing-out. 

While  these  carbon-bricks  are  serviceable  in  the  hearth  for  the 
reasons  above  given,  I  consider  that  their  greatest  value  will  be  re- 
alized from  the  use  in  the  bosh,  contributing  to  the  regular  working 
of  the  furnace,  and  the  attainment  of  low  fuel-economy.  When  the 
bosh- walls  are  in  good  shape  the  best  work  is  obtained,  and  the  con- 
verse of  this  is  likewise  true. 

From  the  foregoing,  it  might  be  surmised  that  the  use  of  carbon- 
brick  would  be  the  means  of  dispensing  with  the  bosh  cooling-plates; 
but  such  I  apprehend  will  not  be  the  case,  inasmuch  as  each  serves 
to  a  great  extent  a  distinct  purpose.  The  deposition  of  carbon- 
material  is  carried  on  independent  of  any  cooling  accessories,  but  the 
subsequent  wear  is  not  prevented.  In  the  earlier  forms  of  bosh- 
construction  without  any  jacket  or  cooling-plates,  there  was  no 
means  of  preserving  the  bosh-area,  and  the  carbon-coating  being 
gradually  worn  away,  continued  to  enlarge  the  hearth  to  such  an 
extent  that  the  work  of  the  furnace  became  irregular  and  it  was 
blown  out  and  a  new  bosh-wall  constructed.  Through  the  use  of 
the  cooling-plates  this  wear  is  prevented,  and  the  lines  of  the  bosh 
are  practically  in  the  same  position  when  blown  out  as  at  the  com- 
mencement of  the  blast.  The  use  of  the  carbon-brick  anticipates 
the  carbon  replacement  in  presenting  a  refractory  carbon  surface  at 
the  start,  and  avoids  the  disintegration  of  the  brickwork  necessary 
to  this  replacement.  On  the  other  hand,  while  the  inner  courses  of 
carbon-brick  act  as  a  shield  to  the  fire-clay  brick  on  the  outside, 
they  are  protected  in  turn  by  the  cooling-plates,  which  prevent  any 
encroachment. 

I  would  therefore  conclude  that  the  value  of  carbon-brick  and 
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bosh  cooling-plates  will  be  to  supplement  each  other  in  their  func- 
tions and  maintain  thereby  a  bosh-wall,  which  is  protected  better 
than  in  the  ordinary  way. 

Note. — At  the  present  time  our  furnace  "A"  is  being  dried-out, 
and  we  shall  be  in  a  position  later  on  to  speak  more  definitely  on 
the  practical  use  of  carbon-brick. 

Discussion. 

President  Birkinbine  :  These  carbon-bricks,  I  suppose,  are 
burned  as  a  part  of  the  manufacture.  Would  it  be  possible  to  make 
a  monolithic  lining;  of  the  same  class  of  material  ? 

Mr.  Gayley:  In  Germany  they  use,  in  some  places,  carbon- 
brick,  and  in  other  places,  as  I  understand,  the  carbon-material, 
rammed  in  the  bottom.  There  are  two  kinds  of  carbon-brick,  one 
kind  being  made  of  coke  and  tar,  the  other  of  coke  and  clay.  They 
are  made  by  hand  at  present,  but  preparations  are  in  progress  to 
make  them  by  machinery.  They  are  pressed,  dried  slowly,  and 
burned  in  a  retort.  Some  of  the  bricks  we  used  had  been  burned  in 
an  ordinary  kiln,  and  a  part  of  the  carbon,  to  the  depth  of  ^  inch, 
had  been  burned  out  of  them.  I  think  that  all  carbon-brick  will 
have  to  be  burned  in  retorts. 

E.  C.  Pechin,  Roanoke,  Va. :  Mr.  Gayley  continually  astonishes 
us  with  his  excellent  practice,  but  I  think  his  present  paper  has 
brought  forward  an  improvement  as  important  as  anything  he  has 
done  or  could  do  in  connection  with  the  blast-furnace.  Many  years 
ago,  when  actively  engaged  in  furnace-management,  I  felt  that  the 
great  desideratum  was  a  brick  that  would  resist  the  tremendous  wear 
and  tear  in  the  bottom  of  the  furnace.  My  idea  was  the  employ- 
ment of  a  mixture  resembling  the  material  of  ordinary  crucibles, — 
graphite  and  fire-clay.  ]\Ir.  Gayley  informs  me  that  the  carbon- 
bricks  will  be  cheaper  as  well  as  better.  Sir  Lowthian  Bell  called  at- 
tention long  ago  to  the  deposit  of  carbonaceous  matter  in  the  interior 
of  the  furnace;  and  the  use  which  is  now  made  of  that  scientific 
observation  is  an  admirable  specimen  of  common  sense  acting  upon 
the  results  of  inquiry. 

With  regard  to  the  bosh-cooling  plates,  mentioned  in  Mr.  Gay- 
ley's  paper  (page  103),  as  seen  by  him  in  1877  at  the  Crane  Iron 
Works,  I  may  be  permitted  to  say  that  I  introduced  these  plates 
at  Dunbar,  Pa.,  in  the  summer  of  1876.  We  had  a  27-inch  wall, 
and  made  the  plates  23  inches  deep.     Instead  of  a  single  coil,  how- 
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ever,  we  used,  in  order  to  get  larger  cooling-surface,  a  double  coil, 
the  two  pipes  laid  close  together. 

The  original  furnace  had  a  stone  base  and  only  four  tuyeres  in  the 
old  style.  There  was  no  passage  around  it,  so  that  there  was  no 
way  of  cutting  out  air-spaces  between  the  tuyere-arches  at  all,  and 
the  hearth-walls  would  hollow  out  in  those  intervals.  Mr.  Thomas 
McEwen,  who  was  running  the  Eliza  (Pittsburgh)  furnace,  had  de- 
vised the  McEwen  tuyere-cooler,  which  I  put  in,  and  trouble  was  at 
once  obviated  all  around  the  tuyeres.  When  we  blew  out,  I  expected 
to  find,  between  these  coolers  and  in  the  walls,  grooves  and  cut-outs, 
but,  very  much  to  ray  surprise,  I  found  the  walls  practically  intact. 
That  little  circumstance  led  me  to  conclude  that  if  we  could  put  in 
cooling-plates  from  the  tuyeres  up,  they  would  have  the  same  effect. 
Those  plates  were  put  in  in  precisely  the  same  style,  as  is  shown  by 
Mr.  Gayley,  in  the  summer  of  1876.  They  were  of  cast-iron,  with 
lugs  and  fillets,  providing  for  expansion,  on  the  outside.  For  two 
years  and  a  half,  as  my  successor  wrote  me,  not  a  single  plate  was 
lost,  and  the  lining  of  the  furnace  remained  practically  intact. 

I  think  that  Mr.  Gayley's  paper  presents  a  combination  which  is 
going  to  do  away  with  serious  trouble  in  the  future  holding  of  our 
furnaces.  If  we  can  only  keep  the  bosh  all  right,  the  rest  of  the  fur- 
nace is  easily  managed.  I  recollect  that  a  friend  of  mine  re-lined 
his  furnace  from  42  feet  below  the  tunnel-head,  without  blowing  out. 
He  commenced  with  a  single  brick  at  the  extreme  point,  and  built 
up  on  that  until  he  had  42  or  43  feet;  then  filled  up  on  that  lining, 
and  had  a  campaign  for  over  a  year. 

Mr.  Gayley  :  With  regard  to  the  mixture  of  graphite  and  fire- 
clay, mentioned  by  Mr.  Pechin,  I  think  some  1500  bricks  made  of 
that  mixture  were  burned  for  us  at  the  crucible-works  in  Pittsburgh, 
and  they  all  disappeared.  I  presume  there  was  some  mistake  in  the 
treatment,  due  to  unfamiliarity  with  the  work,  which  permitted  all 
the  graj)hite  to  be  consumed. 

R.  W,  Raymond,  New  York  city:  Can  Mr.  Gayley  give  us  the 
latest  figures  of  the  Edgar  Thomson  furnace  "  I,"  and  tell  us  in 
which  way  of  those  that  he  has  described  to-night  the  bosh  of  that 
furnace  is  protected  ? 

Mr.  Gayley  :  Our  furnace  "  I  "  is  protected  in  its  bosh  by  means 
of  the  two-pass  bronze  plate,  known  as  the  Kennedy  plate.  It  was 
blown  in  in  August,  1890,  while  the  removable  bosh-plates  have 
only  been  in  use  about  one  year.  The  only  bronze  plate  that  was 
in  use  at  that  time  was  the  Kennedy  plate,  and  something  similar 
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to  it,  used  by  Mr.  Pollock  in  Ohio.  The  record  of  this  furnace 
for  the  month  of  January  was  12,706  tons  of  pig-iron  ;  yield  of  ore, 
61  per  cent.;  fuel-consumption,  1700  pounds;  best  week's  work, 
3005  tons ;  and  best  day's  work,  51 1  tons.  However,  we  do  not  lay 
much  stress  on  a  day's  run.  The  furnace  is  blown  with  seven 
tuyeres,  6  inches  in  diameter,  and  giving  about  27,000  cubic  feet  of 
air  per  minute,  heated  to  about  1200°  Fahr.,  under  a  pressure  of 
lOj  pounds.  It  is  a  curious  fact  that  at  10^  pounds  the  furnace 
would  drive  rapidly,  but  at  11  pounds  it  would  be  much  retarded. 
There  has  been  no  change  in  our  ^practice  that  would  explain  the 
higher  results  obtained  by  this  furnace.  We  have  reached  these  re- 
sults simply  through  general  watching  of  every  point  in  detail.  The 
furnace  apparently  did  the  work  very  easily,  and  was  not  forced  np 
to  its  full  capacity.  It  was  not  what  we  would  call  crowded  at 
all.  The  dimensions  are  90  feet  height,  21  feet  bosh,  and  12  feet 
hearth. 

Peter  Ritter  von  Tunxer,  Leoben,  Austria  (Communication 
to  the  Secretary*):  In  lining  tlie  blast-furnace  at  Donawitz,  near 
lieobeu  (the  dimensions  of  which,  in  meters,  are:  height,  20;  bosh- 
diameter,  6;  tunnel-head  diameter,  4|^ ;  and  hearth-diameter,  2f), 
not  only  the  bosh-lining  but  also  the  entire  upper  lining  was  made 
of  carbon-brick.  The  furnace  has  8  tuyeres,  4J  to  5|  inches  in 
diameter,  placed  2  meters  above  the  bottom,  the  nozzles  projecting 
about  1  "foot  into  the  crucible.  Blast-pressure,  2h  to  3^  pounds; 
temperature,  350°  to  500°  C.  (662°  to  932°  F.).  The  present  daily 
product  in  the  third  month  of  this  (the  first)  campaign,  is  160  to 
180  gross  tons  of  wdssstrahliges  pig-iron.     The  ores  employed  (cal- 

*  This  communication,  from  a  distinguished  and  venerable  Honorarv  Member 
of  the  Institute,  is  dated  F'ebruary  2,  1892,  and  was  sent  without  any  knowledge  on 
the  part  of  the  writer  that  the  subject  to  which  it  refers  would  be  discussed  at  the 
Baltimore  meeting.  In  fact,  Prof.  Tunner's  letter  was  primarily  intended  to  ac- 
knowledge the  receipt  of  the  last  annual  volume  of  Transactions ;  and  the  interest- 
ing account  of  blast-furnace  practice  which  it  contains,  in  his  own  handwriting,  was 
added,  as  he  says,  in  order  that  the  letter  might  not  be  entirely  devoid  of  profes- 
sional interest.  I  give  the  pa.ssage  in  a  translation  which  I  feel  sure  is  accurate,  as 
the  original  is  perfectly  clear  both  in  style  and  in  chirography.  The  letter  closes 
with  greetings  to  President  Birkinbine  and  to  Dr.  T.  Stcrry  Hunt,  of  which,  alas ! 
the  latter  came  too  late. 

Our  distinguished  foreign  member,  M.  Alexantlre  Pourcel,  successfully  made  of 
carbon-brick  the  hearth,  crucible  and  part  of  the  bosh  of  a  blast-furnace  at  Terre- 
noire,  in  1876.  See  his  fidl  discussion  in  a  pa[)er  on  Ferro-Manganese,  Le  Genie 
Civil,  May,  1885;  also,  Sta/il  nnd  FAsen,  August,  1885,  and  Iron,  October  2,  1885.— 
K.  W.  r". 
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cined  spathic  ores)  yield  50  per  cent. ;  the  limestone  added  amounts 
to  from  10  to  12  per  cent. ;  and  the  consumption  of  coke  (with  12 
to  15  per  cent,  of  ash)  is  about  85  pounds  for  100  pounds  of  iron 
produced.  More  interesting  than  these  data,  however,  I  presume, 
will  be  the  record  of  our  experience  as  to  the  durability  of  the 
carbon-bricks.  According  to  reports  of  practice  elsewhere,  it  was  to 
be  expected  that  these  bricks  would  stand  very  well  below,  but  that 
they  would  not  resist  the  abrasion  of  the  moving  material  above. 
But  the  exact  opposite  has  taken  place.  The  carbon-bricks  of  the 
upper  lining  have  stood  perfectly  well  thus  far;  but  the  carbon- 
bricks  below,  and  especially  at  the  bottom,  seem  to  have  disappeared 
entirely  after  a  few  weeks. 

For  the  first  fortnight  of  tlie  blast  we  ran,  out  of  prudence,  on 
gray  iron,  and  the  brick.",  both  above  and  below,  remained  wholly 
unaifected.  But  as  soon  as  we  went  over  to  white  iron,  the  bricks 
in  the  hearth,  especially  at  the  bottom,  were  immediately  attacked, 
and  in  a  few  days  had  disappeared.  Evidently,  the  molten  white 
iron  had  absorbed  carbon  from  the  bricks,  as  the  gray  iron  had  not 
done.  t 

How  rapidly  molten  iron,  low  in  carbon,  will  absorb  that  ele- 
ment, is  shown  in  the  Bessemer  and  Martin  proce.?ses,  and  in  the  re- 
cently patented  method  of  recarbonization  by  means  of  solid  carbon. 
I  can  now  clearly  see  what  must  have  occurred  in  the  hearth  of  our 
furnace,  although,  at  the  time,  I  had  not  thought  of  it,  especially 
as  I  had  seen  no  allusion  to  it  in  the  literature  of  the  subject. 

Fortunately,  the  carbon-bricks  in  the  Donawitz  furnace  had  been 
surrounded  with  a  magnesite-mass.  The  hearth  sank,  but  an  iron 
salamander  formed  upon  it;  and,  upon  this  salamander  as  a  bottom, 
the  furnace  is  now  running  smoothly,  and  can  doubtless,  with  proj)er 
care,  be  kept  running  for  years. 

I  should  add  that  the  whole  furnace  is  encased  in  a  mantle  of  Tron 
plate,  which  is  strongly  cooled  on  the  outside  with  water,  and  con- 
tains no  openings  except  for  tuyeres  and  tapping-hole. 

The  tunnel-head  gases  suffice  for  heating  the  blast,  calcining  the 
ores,  and  making  the  greater  part  of  the  steam  required  for  the 
Ijlowing-engines.  It  is  expected  that  the  latter  work  also  will  be 
completely  performed  with  this  fuel  alone  when  condensing-engines 
are  employed,  and  a  part  of  the  coke  used  in  the  blast-furnace  is  re- 
placed with  raw  coal. 
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A  ^^EW  METHOD  OF  REMOVIXG  SKULLS  FROM  DIRECT- 
METAL  LADLES. 

BY  DAVID  BAKER,   SPARROW's  POINT,    MD. 

(Baltimore  Meeting,  February,  1892.) 

The  direct-metal  cars  or  ladles  of  the  Maryland  Steel  Company 
have  a  capacity  of  18  tons  when  filled  within  12  inches  of  the  top. 
On  acconnt  of  this  large  capacity,  the  formation  of  skulls  in  these 
ladles  is  by  no  means  as  rapid  as  in  smaller  ladles;  but  a  skull  once 
formed  is  a  very  unwieldy  piece  of  metal  to  handle,  and  especially 
to  remove  from  the  ladle.  We  have  found  it  cheaper  to  clean  ladles 
often  rather  than  make  very  heavy  skulls. 

^Ye  aim  to  keep  the  ryig  of  chilled  metal  that  forms  on  the  sur- 
face of  the  iron  chipped  oif,  so  that  the  skull  shall  form  principally 
at  the  bottom  until  it  becomes  so  thick  as  to  render  the  ladle  unfit 
for  service. 

Sometimes  it  happens  that  a  ladle  may  be  held  for  several  hours 
filled  with  molten  metal.  This  invariably  leaves  a  large  amount  of 
chilled  metal  in  the  ladle.  Frequently  the  skull  will  weigh  several 
tons,  and  will  be  of  the  full  size  of  the  ladle  inside,  with  a  top  crust, 
having  perhaps  a  hole  12  inches  square,  through  which  the  molten 
metal  was  poured. 

In  order  to  remove  skulls  that  cannot  be  easily  chipped  out  with 
a  bar,  we  use  what  may  be  called  a  skull-extractor,  consisting  of  a 
hydraulic  cylinder  mounted  in  the  center  of  a  heavy  cast-iron  plate, 
standing  vertically  on  a  suitable  foundation. 

Figs.  1  and  2  show  the  construction  and  operation  of  this  appa- 
ratus. Fig.  1  being  a  view  of  the  extractor  with  pistons  extended  to 
full  stroke,  and  Fig.  2  a  view  with  ladle  in  position  and  pistons 
about  to  commence  the  stroke.  In  both  figures,  A  is  the  hydraulic 
cylinder,  B  the  vertical  cast-iron  plate,  and  C  the  foundation.  The 
water-pressure,  admitted  through  the  pipe,  P,  is  750  pounds  per 
square  inch,  and  the  inside  diameter  of  A  is  14  inches.  There  are 
two  pistons:  D,  fitting  the  bore  of  the  cylinder,  and  E,  8i  inches 
in  diameter,  moving  inside  of  D.    Both  pistons  move  together  when 
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pressure  is  first  applied,  but  when  D  has  reached  the  end  of  its  stroke 
(5  feet  6  inches),  E  moves  out  for  its  full  stroke,  5  feet  6  inches  ad- 
ditional. The  object  of  this  telescopic  arrangement  is  to  get  a  long 
total  stroke  from  a  short  cylinder,  and  also^to  get  a  powerful  push  at 
first  from  the  head  of  the  larger  piston,  which  shall  start  the  skull, 
and  to  follow  it  with  pressure  from  the  smaller  piston  sufficient  to 
remove  the  skull  completely  from  the  ladle.  The  large  piston  is 
capped  with  a  cast-iron  nut,  d,  which  constitutes  a  head  to  exert  the 
pressure  applied  in  the  first  stage  of  the  operation. 

In  each  of  the  four  corners  of  the  vertical  plate,  B,  a  hole,  b,  is 
cored,  large  enough  to  receive  a  2|-inch  eye-bolt;  and  to  these 
eye-bolts  chains  are  attached,  having  at  the  ends  large  forged  eyes, 
c,  c. 

The  ladle,  shown  in  Fig.  2,  is  made  of  J-inch  steel  plate,  well 
strapped,  and  hung  in  a  cast-steel  trunnion-ring,  R,  by  four  steel 
lugs,  g,  which  are  riveted  securely  to  the  ladle-shell,  G. 

In  the  center  of  the  bottom  of  the  ladle,  a  circular  hole,  F,  18 
inches  in  diameter,  has  been  cut,  and  covered  with  a  plate  24  inches 
in  diameter  laid  on  the  inside. 

To  line  the  ladle  we  cover  the  bottom  with  a  layer  of  ganister 
made  of  fire-clay  and  broken  fire-bricks,  and  packed  hard  to  the 
thickness  of  1  inch.  AYe  start  the  lining  by  leaving  a  circular  hole 
in  the  center  26  inches  in  diameter. 

After  the  ladle  has  been  lined,  the  plate  is  put  over  the  hole  in 
the  bottom,  and  covered  with  ganister  and  fire-brick. 

The  method  of  removing  skulls  is  as  follows:  The  ladle  to  be 
"skulled"  is  placed  in  front  of  the  extractor,  and  turned  down  on 
its  side,  as  shown  in  Fig.  2,  until  the  hole  in  the  bottom  is  directly 
opposite  the  piston -head. 

The  large  eyes,  c,  c,  at  the  end  of  the  chains,  are  thrown  over  the 
steel  lugs,  g,  on  the  ladle-shell.  The  slack  in  the  chains  is  taken  up 
by  the  nuts,  ?i,  n,  on  the  eye-bolts  at  b,b,  and  when  an  equal  tension 
is  upon  all  the  chains,  tiie  water-pressure  is  allowed  to  enter  behind 
the  piston. 

Both  plungers  now  move  out,  and  the  nut,  d,  entering  at  F,  ap- 
plies pressure  to  the  plate  at  the  bottom  of  the  skull.  This  pressure 
is  hence  mostly  at  the  perimeter  of  the  piston,  an  arrangement  which 
tends  to  equalize  its  distribution  on  the  skull,  and  to  prevent  the 
latter  from  tilting  and  jamming.  The  plate  covering  the  hole  in  the 
ladle,  and  the  bricks  immediately  over  the  plate,  together  with  the 
skull,  are  thus  pushed  out  of  the  ladle,  the  movement  begun  by  the 
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pistons  together  being  afterwards  continued  by  E  alone,  and  the  total 
stroke  of  the  two  being  large  enough  to  land  the  skull  on  a  truck, 
which  connects  with  the  "  drop  "  by  a  standard-gauge  track  having 
a  slisrht  down-grade. 

In  this  way  the  skull  is  easily  placed  w^iere  it  may  be  broken  to 
size  suitable  for  charging  into  the  blast-furnaces  or  cupolas. 

It  sometimes  happens,  if  ladles  have  been  in  service  long,  that 
the  skull  is  larger  at  the  bottom  than  at  the  top,  having  cut  into  the 
lining  far  enough  to  render  the  ladle  unfit  for  further  use  without  re- 
lining.  In  such  a  case,  we  remove  the  bricks  around  the  top  of  the 
ladle  before  applying  the  ram,  and,  when  pressure  is  applied,  the 
skull  comes  out  of  the  ladle,  bringing  the  side-lining  ahead. 

Occasionally,  the  skulls  seem  to  stick  fast  to  the  lining,  and  it  is 
then  necessary  to  jar  the  skull  while  the  pressure  is  on.  This  may 
be  done  with  a  large  bar  or  a  rail  of  light  section. 

We  have  found  that  a  coating  of  crude  graphite,  put  on  before  the 
lining  is  dry,  is  very  efficient  in  preventing  the  adherence  of  the  skull 
to  the  lining.  This  coating,  which  we  apply  with  a  brush,  is  an 
"  ingot-mould  wash,"  manufactured  by  the  Jos.  Dixon  Crucible  Com- 
pany, Jersey  City,  N.  J. 

This  method  of  removing  skulls  requires  very  little  time  and 
labor.  Three  men  are  sufficient  to  remove  all  ordinary  skulls.  It 
is  only  when  a  skull  sticks  that  it  is  necessary  to  employ  more  men. 

We  find  that  the  linings  of  the  metal-cars  are  injured  very  slightly 
by  this  method  of  removing  skulls.  It  is  only  necessary  to  replace 
the  plate  in  the  bottom  and  cover  it  with  ganister  and  fire-brick,  and, 
after  a  few  hours'  drying,  the  ladle  is  ready  for  use  again. 


GBANULATING   MAGNETIC  lEON-OBES  WITH  THE  STUB- 

TEVANT  MILL,  AT  CBOTON  MAGNETIC 

IB  ON  MINES,  N.  Y. 

BY  W.    H.    HOFFMAX,   BREWSTER.    N.    T. 
(Baltimore  Meeting,  February,  1S92.) 

At  the  Glen  Summit  meeting  {Trans.,  xx.,  605)  I  describeil  in  a 
general  way  the  grinding-machine  known  as  the  Sturtevaut  mill, 
built  by  the  Sturtevant  Mill  Co.,  of  Boston,  Mass.  My  first  exper- 
iments in  granulating  magnetic  iron-ores  with  this  machine  were 
made  five  years  ago  in  the  northern  portion  of  New  York  State. 
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The  drawings,  Figs.  1  to  5,  show  the  arrangements  of  casing, 
screen-block-holders,  screen-blocks,  bushings,  spindles,  collars,  etc. 
The  central  casing  and  feeding-hopper  are  combined,  though  sec- 
tional in  construction.  The  casing  is  bolted  firmly  to  a  strong  cast- 
iron  bed-plate,  fitted  for  three-fourths  of  its  length  with  V-shaped 
slides,  which  receive  th<!  movable  driving  head-stocks.  To  the  cast- 
iron  hopper  connected  with  the  casing  is  fastened  a  much  larger 
wrought-steel  hopper,  covered  at  the  top,  which  will  hold  four  tons 
of  ore,  already  crushed  to  2f-inch  cubes  by  common  single-jaw 
Blake  crushers. 

The  movable  head-stocks  carry  the  revolving  spindles,  to  which 
are  fastened  the  chucks  for  holding  the  bushings.  The  head-stocks, 
with  all  their  attachments,  can  be  moved  longitudinally  about  two 
feet  so  as  to  afford  ample  room  for  renewing  the  bushings  and  screen- 
blocks.  The  end-thrust  wear  is  taken  up  by  collars  and  steps  at  the 
extreme  outer  ends  of  the  spindles. 

The  bushings,  while  in  operation,  enter  the  casing  about  H  inches, 
lapping  over  the  edge  of  the  screen-blocks  about  f  inch  ;  and  this 
relative  position  is  maintained  by  setting  up  the  bushings  to  the 
position  indicated,  every  five  hours.  The  regular  wear  of  a 
well-chilled  bushing  is  \  inch  per  day  of  20  hours  ;  but  irregular 
chilling  brings  the  wear  in  practice  to  f  inch  on  each  bushing  per 
20  hours. 

The  moving  of  the  head-stocks  is  very  readily  performed  by  one 
man,  who  first  slacks  the  gripping-bolts  holding  the  V-shaped  slides 
and  then  drives  the  head  forward  or  back  by  means  of  the  rack-and- 
pinion  connecting  the  bed  and  head-stock. 

The  screen-blocks  wear,  as  a  rule,  a  little  faster  than  the  bushings, 
for  the  reason  that  there  is  usually  more  imperfection  in  the  chilling 
of  these  blocks.  We  have,  however,  lately  superintended  the  making 
of  these  blocks  and  have  found  no  difficulty  in  making  them  as 
regular  in  the  chill  as  the  bushings  usually  are. 

The  screen-holder  is  made  up  of  a  series  of  1-inch  round  iron 
bands,  reaching  on  either  side  to  the  under-edges  of  the  hopper 
where  they  are  dove-tailed  into  the  facing-blocks  immediately  above 
the  screen-blocks.  The  bands  are  placed  about  1:^  inches  apart,  in 
order  to  allow  a  free  discharge  of  the  material,  as  it  falls  through 
the  blocks. 

The  mills  at  the  Croton  magnetic  iron  mines  have  been  in  use  two 
years,  and  thus  far  the  screen-holders  show  very  little  wear.  They  will 
probably  last  severalyears  longer.    As  I  remarked  at  Glen  Summit, 
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we  finish  our  granulation   with   the  Sturtevant   mill,   because   we 
return  the  20  per  cent,  rejected  by  the  12-mesh  screens  to  the  mill  to 
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be  re-ground.     We  have  demonstrated  that  the  capacity  of  the  mill 
is  reduced  very  little  by  returning  the  rejections,  as  these  fine  parti- 
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cles  help  to  pack  the  coarse  pieces  more  closely  together  in  the  mill- 
casing  and  bushings. 

The  screen-blocks  are  made  in  short  .segments,  4  inches  wide  and 
5  inches  long,  the  slots  in  the  blocks  being  J  inch  wide  and  3J 
inches  long.  The  bridges  between  the  slots  are  -^\  inch  wide.  The 
screen  block  segments  do  not  wear  exactly  alike;  and  therefore  the 
renewals  are  not  all  made  at  the  same  time. 

It  is  a  peculiar  feature  of  granulation  in  a  Sturtevant  mill,  that 
the  size  of  the  grains  can  be  changed  by  changing  tiie  speed  of  the 
mill.  I  have  found  by  experiment  that,  running  a  20-inch  mill  870 
revolutions  per  minute,  we  can  pass  80  per  cent,  of  our  product 
through  a  12-mesh  screen,  while  if  the  speed  is  increased  to  950 
revolutions,  80  per  cent,  of  the  product  will  pass  through  a  14-mesh 
screen — the  size  of  the  slots  in  the  screen-blocks  being-  the  same  in 
both  instances. 

The  bushings  of  a  20-inch  mill  are  20  inches  in  diameter  inside, 
and  23J  inches  outside,  thus  leaving  the^shell  of  the  bushing  1| 
iuches  tliick.  The  chill  of  good  bushing  should  extend  inward  to  a 
depth  of  1-|  inches.  Chilling  charcoal-iron  must  be  used  iu  making 
the  bushing  and  screen-blocks. 

In  operation,  the  ore  in  the  casing  and  nearly  surrounded  by  the 
screen  blocks,  remains  stationary,  except  at  intervals,  when  the  feed 
may  be  irregular.  Then  the  whole  mass  will  have  a  slow  shifting 
motion ;  but  this  motion  ceases  the  moment  the  mill  is  full.  As  the 
ore  feeds  down,  the  bushings  are  filled  with  ore  closely  packed,  and 
held  firmly  against  the  inside  surface  of  the  bushings  by  centrifugal 
force. 

Thus  the  ore  in  the  bushings  is  carried  with  them,  and  almost 
perfect  granulation  is  the  result  of  the  attrition  between  the  pieces 
of  ore  in  the  bushings  and  the  stationary  pieces  of  ore  in  the  central 
casings. 

In  mills  above  the  12-inch  size,  both  spindles  revolve  in  the  same 
direction  ;  but  in  the  smaller  mill,  it  is  thought,  when  the  material 
entering  the  hopper  is  larger  than  2f-inch  cubes,  that  better  results 
are  obtained  by  crossing  one  of  the  driving-belts. 

A  15-inch  mill  will  handle  3^-inch  cubes,  and  a  20-inch  mill  41- 
inch  cubes,  without  reducing  the  capacity  materially. 

Should  one  of  the  spindles  need  repairs,  the  other  spindle  can  be 
used  singly  by  simply  slipping  a  false  head  under  the  collars  on  the 
side  to  be  repaired. 

In  order  to  obtain  economical  separation  with  any  magnetic  sepa- 
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rator,  the  prepared  ore  must  be  granulated,  and  not  mashed  or  split 
into  thin  flakes.     The  particles  mutt  be  nearly  regular  cubes  in  order 


lo  present  them  in   proper  form  to   the  influence  of  the  magnetic 
field. 
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Three  types  of  crushers  and  two  types  of  rolls  were  used  at  the 
Croton  mines  previous  to  the  adoption  of  the  Sturtevant  mills ;  and 
although   many  devices  were  attached  to  these  crushers  and  rolls,  in 


Fig.  3. 


Revolving  Cup,  taken  Apart. 

order  to  assist  in  producing  fairly  even  granulation,  they  all  failed 
to  accomplish  the  desired  result. 

In  conclu.sion,  I  will  say,  that  I  know  of  no  other  machine  that 
will  granulate  as  perfectly,  as  rapidly,  and  with  as  little  power  and 

Fig.  4. 


Revolving  Cup,  in  Place. 

wear.  When  our  ore  is  well  roasted,  we  can  granulate  to  12-mesh 
24  gross  tons  per  hour  in  our  20-inch  mill,  with  an  expenditure  of 
96  horse-po\\'er,  and  less  than  f  of  one  cent  per  ton  for  renewals. 
In  grinding  to  any  grade  of  fineness,  the  grains  are  always  in  the 
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form  of  cubes,  thus  assuring  very  satisfactory  work  on  any  good 
separator. 

The  following  descriptions  of  the  illustrations  herewith  given  are 
taken  from  the  statement  of  the  manufacturers. 

The  material  to  be  ground  is  conveyed  through  fhe  hopper  at  the 

top  to  the  case,  A,  filling  the  ease  and  the  revolving  cylinders  or 

heads,  B,  B,  which,  being  put  in  motion,  hurl  their  contents  against 

each  other  with  such  power  that  the  rock  is  at  once  crushed  to  atoms. 

The  mill  does  not  grind   the   materials,  but  simply  furnishes  the 

power  that  compels   the  rocks   to  crush   themselves;  consequently, 

the  hardness  of  the  rock  does  not  affect  the  result,  as  it  acts  upon 

itself. 

Fig.  5. 


Sturtevaiit  Mill,  Longitudinal  Section. 

Fig.  2  shows  the  cups  or  heads  drawn  back  to  give  a  view  of  the 
interior  of  the  mill,  showing  the  ca.st-iron  screen,  C,  through  which 
the  material,  as  fast  as  ground,  pa.sses  and  falls  into  the  hopper, 
marked  D.  When  necessary  to  reduce  the  rock  to  a  greater  fineness 
than  the  screen -outlets  allow,  the  coarser  part  of  what  leaves  the 
screen  is  re-conveyed  by  an  elevator  to  the  mill  for  re-grinding,  that 
which  is  already  sufficiently  fine  being  first  removed  by  the  usual 
apparatus  employed  in  milling. 

A  suction-blower  causes  the  air  to  draw  strongly  into  the  mill,  and 
prevents  the  escape  of  dust. 

The  cast-iron  screen,  C,  is  composed  of  small  sections,  and  the 
worn  parts  are  cheaply  and  easily  replaced.     The  wear  upon  this 
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screen  is  very  slight,  as  it  is  protected  from  the  action  of  the  rocks, 
thrown  from  the  heads  or  cups,  by  a  cushion  of  interposing  mate- 
rial formed  by  the  rocks,  which  always  fill  the  case  and  cover  the 
screen. 

Fig.  3  shows  one  of  the  revolving  heads  or  cups  taken  apart.  It 
is  composed  of  two  pieces,  one  of  which,  E,  a  simple  hard  iron  cyl- 
inder (called  the  bushing)  is  removable,  and  when  worn  is  easily 
taken  out  and  replaced. 

Fig.  4  shows  the  same  put  together,  and  Z,  the  conical  cup-like 
stone  lining,  which  always  forms  itself  inside  the  head  or  cup  in  the 
process  of  grinding.  This  lining  forms  itself  by  the  caking  within 
the  cup  of  the  material  being  ground,  and  completely  protects  the 
metal  of  the  cup  from  wear,  except  at  its  edge. 

In  Fig.  5,  B,  B  represent  the  two  opposite  heads  or  cups  of  the 
mill,  holding  the  two  bushings,  E,  E,  which  slightly  project  into 
the  case.  The  hopper  is  shown  filled  with  rock,  which  drops  into 
the  case  of  the  machine  between  the  two  heads.  When  the  mill  is 
started,  the  two  stone  hollow  cones,  Z,  Z,  form  themselves  in  a  few 
moments,  and  become  as  hard  as  the  rock.  When  these  hollow  cones 
have  formed,  it  is  plain  that  the  centrifugal  force  given  by  their  revo- 
lution will  hurl  out,  in  the  general  directions  indicated  by  the  arrows, 
all  the  pieces  of  rock  forced  into  them.  These  rocks,  thrown  vio- 
lently out  of  the  two  hollow  cones  oppositely,  cannot  strike  the  case, 
for  they  are  thrown  from  it  and  against  each  other,  and  the  force  is 
lost  by  collision. 


THE  'GEE AT  GOSSAN  LEAD''   OF  VIRGINIA. 

BY  EDGAR  C.    MOXHAM,    PULASKI,    VA. 

(Baltimore  Meeting,  February,  1892.) 

The  paper  of  Mr,  W.  H.  Adams,  read  at  the  Cleveland  Meeting, 
June,  1891  {Trans.,  xx.,  196),  on  "The  First  Iron  Blast-Furnaces 
in  America,"  establishes  the  interesting  fact  that  the  earliest  opera- 
tions on  this  continent  in  the  manufacture  of  pig-iron  were  based  upon 
a  deposit  which,  after  many  years  of  neglect,  has  now  become  again 
the  object  of  active  exploitation.  In  addition  to  the  remarks  of 
Messrs.  Pechin  and  Raymond  in  discussions  of  the  paper  above  cited, 
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the  paper  of  Dr.  T.  Sterry  Hunt  {Transactions,  u.,  123)  on  "The 
Ore  Knob  Copper-mine  and  Some  Related  Deposits,"  and  that  of 
E.  E.  Olcott  {Transactions,  iii.,  391),  on  "The  Ore  Knob  Copper- 
Mine  and  Reduction-Works,"  serve  to  show  that  the  existence  and 
relations  of  this  great  deposit  or  belt  of  deposits  have  not  escaped  the 
notice  of  our  members.  These  papers  may  be  read  with  profit ;  and 
the  reader  will  find  that  Dr.  Hunt  mentions  earlier  reports,  by 
Whitney  and  Blake,  and  one  by  Messrs.  Trippel  and  Oredner,  made 
in  1866  for  the  American  Bureau  of  Mines.  These  were  doubtless 
devoted  chiefly  or  wholly  to  the  deposits  at  Ducktown,  in  Polk  Co., 
Tennessee.  They  are  not  now  easily  accessible.  Dr.  Raymond  in- 
forms me  that,  as  Secretary  of  the  American  Bureau  of  Mines,  he 
edited  in  1866  the  field-notes  of  Messrs.  Trippel  and  Credner,  who 
examined  for  that  institution  the  Ducktown  mines.  The  former  of 
these  gentlemen  is  a  member  of  the  Institute,  still  in  practice  ;  and 
the  latter  is  a  high  mining  official  in  Saxony,  a  Professor  at  the 
University  of  Leipzig,  and  director  of  the  Royal  Saxon  Geological 
Survey. 

From  all  these  authorities  it  may  be  easily  gathered,  that  the  deposit 
now  assuming  economical  importance  as  "  the  great  gossan  lead  "  be- 
longs to  a  belt  which  is  not  confined  to  the  State  of  Virginia,  and  to  a 
type  or  class  which  is  represented  at  Sudbury  in  Canada ;  Litchfield, 
Connecticut;  Anthony's  Nose  on  the  Hudson;  Lancaster  Gap,  in 
Pennsylvania,  and  Ore  Knob,  in  North  Carolina  ;  that  the  deposits 
of  this  class  have  been  chiefly  valuable,  or  deemed  valuable,  hitherto 
for  copper,  and  occasionally  for  nickel ;  but  that  the  gossan  outcrop 
or  "iron  hat"  overlying  the  deposits,  particularly  in  Virginia,  was 
mined  in  early  days  for  iron-ore,  and,  even  just  before  and  during 
the  late  Civil  War,  furnished  the  material  for  excellent  iron  to 
southern  works.  I  may  add,  that  I  am  informed  that  at  this 
time  considerable  quantities  of  this  gossan  ore  are  shipped  to  Mid- 
dlesborough  and  other  points  from  Ducktown,  Tennessee,  where  it 
was  formerly  neglected. 

The  purpose  of  the  present  paper  is  to  describe  in  a  general  way 
the  "  gossan  lead  "  as  now  traced  and  developed  in  southwest  Vir- 
ginia, where  it  is  undoubtedly  destined  to  play  an  important  part  in 
the  economic  progress  of  that  region. 

This  deposit  must  be  regarded  as  a  great  continuous  vein  of 
"  mundic" — this  term  being  here  used  as  comprising  both  pyrite  and 
pyrrhotite.  Perhaps  its  meaning  in  Cornwall,  where  it  originated, 
may  be  more  restricted.     I  am,  at  all  events,  not  certain  whether 
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the  magnetic  pyrites  or  pyrrhotite  is  there  called  rnundic,  the  general 
application  of  the  term  being  apparently  to  ordinary  pyrites  or  (quali- 
fied as  "white  mundic")  to  arsenical  pyrites.  But  the  undecom- 
posed  iron  sulphide  of  this  deposit  is  called  mundic  in  Virginia, 
whether  it  be  pyrrhotite  or  (as  seems  to  be  the  case  with  some  por- 
tions of  it)  pyrite;  and  in  that  larger  sense  the  name  will  be  used  in 
the  present  paper. 

This  zone  of  mundic  is  apparently  a  fissure- vein,  between  de- 
fined walls,  striking  through  Carroll  county,  A^a.,  northeastward 
from  Floyd  and  into  Grayson  county,  a  distance  of  23  or  24  miles, 
and  dipping  S.  W.,  usually  about  45  degrees.  The  country-rock  is 
mostly  soapstone,  micaceous  and  talcose  slate,  quartz,  etc., — the 
quartz  being  found  mostly  in  and  adjacent  to  the  foot-wall.  The 
lead  is  crossed  at  intervals  throughout  its  length  by  ravines,  expos- 
ing the  gossan  on  each  side,  while  the  solid  mundic  is  generally  seen 
in  the  creek-beds. 

The  gossan  f  hydrated  peroxide  of  iron)  is  the  product  of  the  oxida- 
tion of  the  mundic,  constituting  the  "iron  hat"  of  the  vein,  and 
forming  a  sharply-defined  surface-zone,  with  solid  mundic  at  the 
bottom.  Chemical  analysis  shows  no  material  difference  between 
the  gossan  nearest  the  solid  mundic  and  that  upon  the  surface.  In 
many  places,  however,  a  deposit  of  copper-ore  (the  so-called  "  black 
oxide,"  and  sometimes  the  carbonate)  has  been  found  separating  the 
gossan  from  the  mundic;  while  at  greater  depths,  chalcopyrite  has 
been  extracted  from  the  solid  mineral  in  profitable  quantities.  The 
oxidized  ores  of  copper,  near  the  surface,  have  been,  perhaps,  pretty 
nearly  exhausted  by  means  of  drifts  in  many  places,  along  and  some- 
times across  the  lode.  Copper  may  hereafter,  as  heretofore,  be  ex- 
tracted from  the  solid  mass  in  depth  ;  but  the  present  subject  of 
attention  is  the  iron-ore,  which  the  drifts  of  the  former  copper-miners 
have  extensively  exposed  for  miles. 

This  gossan,  or  decomposed  sulphuret,  is,  as  already  observed,  a 
cap  of  brown  iron-ore.  It  is  from  12  to  40  feet  wide  at  the  sur- 
face, and  40  to  70  feet  at  the  bottom,  where  it  makes  its  juncture 
with  the  mundic,  from  40  to  175  feet  below  the  surface,  according 
to  the  height  of  the  hills  it  traverses.  The  higher  and  more  rugged 
the  hills,  the  greater  is  the  depth  of  the  gossan ;  the  mundic,  as  a 
rule,  remaining  in  place  with  comparative  uniformity.  Having 
little  or  no  cover,  the  gossan  can  be  traced  by  surface-showing 
for  miles  across  the  country.  Its  exposures,  however,  vary  in 
character.     At  the  Betty  Baker,  Blair,  Lineberry,  and  Great  Out- 
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burst,  many  stupendous  bodies  of  gossan  present  themselves  with- 
out cover,  extending  over  many  acres,  and  giving,  with  their  im- 
mense boulders  and  crusts  of  solid  ore,  the  appearance  of  moun- 
tains of  solid  ore.  Xor,  in  fact,  does  investigation  prove  them  to 
be  altogether  otherwise.  While,  in  some  instances,  the  ore  so  dis- 
played has  proved  to  be  of  less  depth  than  was  expected,  and  has 
assumed  the  nature  of  a  blanket  of  inconsiderable  depth,  and  some- 
what interspersed  with  strings  of  slate  and  quartz,  still,  even  the 
most  disappointing  of  these  outcrops  has  developed  a  large  tonnage 
of  rich  ore;  and  others  of  them  have  justified  the  anticipations 
aroused  by  their  surface-displays.  At  the  Great  Outburst,  the  face 
of  solid  oce  which  has  been  developed,  and  is  now  being  actually 
worked,  certainly  exceeds  anything  else  of  the  kind  in  Virginia ; 
and,  at  Lineberry,  the  ore  is  known  to  have  a  depth  of  some  175 
feet,  with  a  surface-showing  of  100  to  125  feet  in  width  for  a  dis- 
tance of  some  4000  feet.  At  Cranberry,  again,  the  lead  develops 
in  regular  fissure- vein  form,  but  of  larger  proportions,  say  an  aver- 
age of  140  feet  depth,  with  a  surface-showing  of  100  to  150  feet 
across  the  lead. 

Little  more  than  a  year  has  elapsed  since  railroad  connection  was 
made  with  this  lead,  and  it  is  now  being  worked  at  two  points — its 
extremities.  It  has  not  yet  been  fully  developed  (except  by  the 
copper-miners'  drifts  above  referred  to),  and  the  mines  are  produc- 
ing only  800  to  1000  tons  per  day,  but  their  importance  is  already 
realized  by  the  furnaces.  Every  furnace  within  250  miles,  with  but 
two  exceptions,  uses  from  25  per  cent,  upwards  of  its  mixture  from 
this  source.  It  is  found  to  be  an  excellent  ore  to  mix  with  the  other 
ores  of  the  district,  particularly  the  hard  brown  ores  of  the  Potsdam 
series  (*'  mountain  ores,"  high  in  phosphorus  and  manganese,  but 
comparatively  cheap  in  price),  which  could  not  otherwise  be  used  to 
anything  like  the  same  extent.  It  is  said  to  give  strength-  to  the 
iron,  and  to  be  easily  reduced,  assisting  the  working  of  the  furnace, 
and  promoting  economy  in  fuel.  Being  porous  in  structure,  it  con- 
tains somewhat  more  moisture  than  the  limonite-and  mountain-ores, 
but  it  is  not  found  to  be  high  in  silica,  and  such  gangue  as  it  car- 
ries, being  mostly  micaceous,  is  light  in  weight,  and  not  costly  to 
the  furnace.  It  is  reported  that  the  gossan-ore  assists  in  obtaining  a 
uniformly  large  percentage  of  foundry-iron  from  the  blast-furnace. 

Occasional  samples  of  gossan  will  run  as  high  as  47  to  48  per 
cent,  iron  in  natural  condition,  and  some  disappointment  has  arisen 
from  the  fa(!t  that  shipments  have  not  shown  as  high  an  average  as 
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was  expected  from  the  examination  of  the  well-weathered  samples 
collected  on  the  surface  before  railroad  connection  was  made  with  the 
mines,  some  of  which  samples  ran  as  high  as  50  per  cent,  in  iron. 

A  fair  av^erage  of  shipments,  as  sent  from  the  mines,  would  be 
as  follows : 

Per  cent. 

Iron  (natural  condition),         .......  41.28 

Silica, 9.74 

Manganese, 0.306 

Phosphorus, 0.064 

Sulphur, 0.130 

Copper, 0.293 

The  term  "  natural  condition,"  indicates,  as  is  well  known,  that 
the  percentage  of  iron  is  not  calculated  on  the  dried  sample,  but  on 
the  original  weight,  including  the  moisture. 

Much  that  has  been  said  as  to  the  nominal  figures  at  which  gossan- 
ores  can  be  produced  for  the  market,  must,  unfortunately,  be  contra- 
dicted. The  mining  of  this  ore  is  not  without  its  share  of  the  troubles 
and  expenses  incidental  to  all  other  mining  operations.  Intrusions  of 
quartz  and  slate  are  often  found  in  the  vein,  which  are  tedious  and 
costly  to  move  and  separate.  Much  fine,  ochreous  matter  also  occurs, 
which  has  to  be  extracted,  and  with  other  fine  ore,  coming  from  the 
surface  or  from  the  walls  of  the  cut,  and  containing  more  or  less 
slate,  etc.,  has  to  be  carefully  separated,  and  either  rejected  or  washed. 
The  hanging-wall  of  the  cuts  is  found  to  be  quite  soft  and  rotten, 
and  as  some  of  the  cuts  are  exceedingly  deep,  a  very  large  portion 
of  this  hanging-wall  has  to  be  removed  in  order  to  give  them  a  safe 
slope.  Those  who  predicted  that  the  production  of  gossan  would 
be  simply  a  matter  of  quarrying,  and  expected  that  it  would  be  done 
at  very  small  figures,  were  mistaken.  Nevertheless,  the  ore  is  sup- 
plied to  the  furnaces  at  very  low  prices  in  comparison  with  its  value 
to  the  ironmaster. 

The  mundic,  or  undecoraposed  sulphuret,  representing  the  great 
bulk  of  the  mineral  beneath  the  gossan,  as  above  described,  is  from 
60  to  300  feet  wide,  and  its  depth  has  not  been  determined  as  yet,  no 
hole  having  gone  deep  enough  to  indicate  any  limit.  As  exposed 
by  the  drifts  of  the  copper-miners,  all  of  which  were  driven 
upon  the  mundic,  it  lies  with  comparatively  little  unevenness,  but 
with  a  slight  elevation  towards  the  center  of  each  hill,  as  approached 
from  either  side.  As  already  observed,  it  is  chiefly  pyrrhotite  or 
magnetic  pyrites.  The  analysis  of  a  sample  given  as  coming  from 
the  surface  shows : 


138  THE  "great  GassAX  lead"  of  virgixia. 

Per  cent. 

Snlphiir, 34.06 

Copper, 0.866 

Iron, 53.15 

Phosphorus, .no  trace. 

Mangane.se, 0.306 

Silica, 2.99 

This  single  sample  was  selected  as  a  safe  indication  of  the  quality 
likely  tq  be  obtained  from  near  the  surflice.  Whether  or  not  richer 
material  is  to  be  looked  for  in  dej3th,  has  not  yet  been  determined. 

Whether  the  large  amount  of  sulphur  in  this  deposit  is  utilized  or 
not,  the  main  value  will  not  be  effectively  realized  until  a  process  is 
developed  by  which  the  sulphur  may  be  extracted  from  the  ore 
upon  a  large  scale,  at  such  cost  that  the  residue  or  "  Blue-Billy"  will 
be  available  for  the  making  of  pig-iron.  Experiments  iiaving  in 
view  the  expulsion  of  the  sulphur  in  improved  kilns,  have  not  as 
yet  been  as  successful  as  could  be  wished  ;  although  after  the  ore  has 
received  a  preparatory  roasting  in  piles  in  the  open  air,  it  can  prob- 
ably be  successfully  treated  in  a  roasting-kiln. 

A  considerable  amount  of  sulphur  can  be  driven  off  by  such  pile- 
burning,  as  will  be  seen  in  the  following  statement  of  tests: 

Lump-ore, 
Roasted.  Per  cent. 

Iron, 55.50 

Sulphur, 7.69 

Fine-ore, 

Roasted.  Per  cent. 

Sulphur, 5.51 

Iron, 48.99 

Doubtless  such  material  as  the  above  could  be  completely  pre- 
pared by  further  treatment,  but  it  has  yet  to  be  determined  how  to 
perform  the  whole  process  upon  a  commercial  scale. 

It  is  hardly  necessary  to  draw,  attention  to  the  importance  of  the 
solution  of  this  problem  to  the  iron-manufacturers,  giving,  as  it 
would,  an  ore  running  in  the  neighborhood  of  60  per  cent,  of  iron, 
low  silica  and  manganese,  and  no  phosphorus — an  ideal  Bessemer 
stock,  such  as  the  South  needs  badly. 
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NOTES  ON  THE  GEOLOGICAL  ORIGIN   OF  PBOSPEATE  01 
LIME  IN  THE  UNITED  STATES  AND  CANADA. 

BY  WALTER  B.    M.    DAVIDSON,    NEW  YORK  CITY. 

(Baltimore  Meeting,  February,  1892). 

Phosphorus  is  one  of  the  elements  having  the  widest  distribu- 
tion, and  phosphoric  acid  i)lays  an  important  part  in  the  composition 
of  the  crust  of  the  earth.  It  is  allied  in  various  chemical  combina- 
tions with  many  bases,  of  which  lime,  alumina  and  iron  are  the  most 
common.  It  is  difficult  to  state  in  what  chemical  combination 
phosphoric  acid  predominates  in  the  crust  of  the  earth,  for  while 
phosphate  of  lime,  as  the  mineral  which  is  sought  for  and  found  in 
deposits  of  economic  value  is  the  most  familiar,  it  is  probable  that 
the  phosphates  of  alumina  and  iron  are  the  most  usual  forms  in  which 
phosphoric  acid  exists  in  all  soils  not  essentially  calcareous.  It  has 
been  shown  by  thousands  of  analyses  that  all  fertile  soils  contain 
from  a  trace  to  0.5  per  cent,  of  phosphoric  acid.  All  limestones, 
dolomites  and  chalks  contain  it  in  proportions  which,  though  usually 
small,  are  large  enough  to  make  careful  analysis  necessary  in  the 
selection  of  limestone  as  flux  for  iron-smelting.  It  is  generally 
Trenton  limestones  that  are  found  best  for  this  purpose,  the  more 
recent  strata  being  more  phosphatic.  In  some  places  phosphoric 
acid  replaces  carbonic  acid,  and  the  limestone  or  chalk  becomes  phos- 
phatic to  a  large  degree,  or  sometimes  pure  phosphate  of  lime. 

The  waters  of  tlie  ocean,  from  very  early  periods,  have  contained 
phosphoric  acid.  Different  analyses  show  varying  contents  ;  it  is 
asserted  that  some  portions  of  the  Gulf  Stream  are  more  phos- 
phatic than  the  surrounding  waters  of  the  Atlantic.  Many  springs, 
usually  from  limestone  regions,  contain  soluble  phosphates  in  vary- 
ing quantities. 

I  think  it  safe  to  assert  that  phosphorus  is  nearly  the  most  widely 
and  evenly  distributed  element  on  the  surface  of  the  earth,  and  prob- 
ably the  most  subdivided.  This  can  be  readily  understood  when  the 
important  part  which  phosphoric  acid  plays  and  has  played  in  the 
vital  cosmos  is  taken  into  consideration.  Phosphorus  was  on  the 
earth  in  gaseous,  liquid  or  solid  form  before  the  dawn  of  life,  and 
since  then  all  animal  and  vegetable  creation  have  combined  with  the 


140  GEOLOGICAL   ORIGIN    OF    PHOSPHATE   OF    LIME. 

physical  forces  always  at  work  in  inanimate  nature  to  distribute  and 
redistribute  the  phosphorus,  to  divide  it  up  and  carry  it  from  place 
to  place.  If  the  biography  of  atoms  could  be  written,  the  chaptei*? 
on  phosphates  would  be  the  most  interesting  and  the  most  varied. 

There  seems  to  be  no  reason  for  denying  the  presence  of  phos- 
phorus in  the  interior  of  the  earth  :  nor  have  we  any  proof  of  its  ex- 
istence there.  It  is  found  in  some  meteorites,  nearly  always  as  a 
phosphide  of  iron  and  nickel ;  but  I  am  unable  to  find  evidence  of  its 
spectroscopic  detection  in  the  sun  or  other  stars. 

The  earliest  mention  of  apatite,  geologically  considered,  in  the 
United  States,  is  in  the  Geology  of  Massachusetts,  by  E.  Hitchcock, 
published  in  1833.  He  mentions  its  occurrence  in  limestone  at 
Bolton,  Boxborough  and  Littleton,  sometimes  in  crystals,  but  more 
commonly  massive.  In  mica  slate  it  was  noticed  at  Williamsburg, 
Chesterfield,  Chester,  Middlefield,  Norwich,  etc.  That  of  Chester- 
field is  associated  with  "  sappare."  In  Westmoreland,  New  Hamp- 
shire, it  was  discovered  "with  limpid  and  purple  foliated  fluate  of 
lime  and  fine  sulphuret  of  molybdenum,"  also  in  gneiss  associated 
with  graphites  in  Sturbridge,  and  at  Billerica  and  Stow  it  was 
found  in  very  coarse  granite. 

Dr.  E.  Emmons  writes  in  the  American  Quarterly  Journal  of 
Agriculture  a7id  Science,  in  1845,  as  follows:  ''It  is  an  object  of 
great  importance  to  discover  phosphate  of  lime  in  its  pure  state,  or 
even  mixed  with  other  materials  in  sufficient  quantity  to  supply  the 
wants  of  agriculture.  We  fear,  however,  this  desideratum  will  not 
be  realized  very  soon."  Then,  after  mentioning  some  localities  where 
it  had  been  noticed  in  the  State  of  New  York,  he  says,  hopefully: 
"  In  the  course  of  a  year,  if  the  ore  continues  to  be  worked,  some 
tons  of  it  might  be  procured."  In  view  of  recent  developments,  these 
remarks  are  interesting. 

The  only  ))hosphate-deposits  now  worked  are  the  apatites  of  Canada, 
the  beds  in  North  and  South  Carolina,  the  hard  rock,  soft  phosphate, 
and  "  pebble"  of  Florida,  and  certain  deposits  on  the  West  Indian 
phosphate  islands.  Most  of  these  deposits  and  their  associated 
minerals  have  been  fully  and  ably  described  by  many  writers  in 
many  papers.  Florida,  having  been  more  recently  exploited,  has  not 
yet  been  so  extensively  studied. 

Canada. 
The  apatites  of  Canada  occur  in  sciittered  crystals,  or  in  very  irreg- 
ular crystalline    masses,   which    have   been   variously   described   as 
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pockets,  beds  or  veins,  according  to  the  theory  of  their  origin  ad- 
vanced by  the  writer  of  the  description. 

The  pockets  of  apatite  occur  in  bands  or  beds  of  pyroxene,  of 
varying  thickness  but  considerable  regularity,  which  are  conform- 
able with  the  bedding  of  the  gneiss.  The  underlying  limestone  and 
all  the  strata  are  Laurentian.  Apatite  crystals  are  found  scattered 
to  a  considerable  quantity  through  the  gneiss,  as  has  been  fully  de- 
scribed by  Mr.  H.  G.  Vernon  and  others. 

Most  of  the  ablest  Canadian  geologists  agree  that  these  strata 
were  deposited  conformably  in  the  Palaeozoic  sea,  and  that  they 
have  been  subjected  to  heat  and  pressure,  w.hich  has  metamor- 
phosed the  primitive  character  of  the  rock,  while  the  strata  were 
crumpled,  contorted,  folded  and  crushed,  forming  many  synclinals 
and  anticlinals.  Some  writers,  however,  have  considered  the  py- 
roxene to  constitute  lodes  or  dikes,  in  which  the  apatite  occurs  as  an 
accessory  mineral,  filling  the  crevices  by  plutonic  action,  and  hence 
of  eruptive  origin,  which  I  take  to  mean  that  they  think  the  apatite 
came  to  its  present  position  through  sublimation  or  through  intru- 
sion in  a  molten  state.  I  am  certainly  of  opinion  that  this  theory 
is  far-stretched  and  without  scientific  corroboration. 

It  seems  to  me  that  during  the  geological  time  when  these  strata 
were  in  their  turn  covered  by  the  vast  thickness  of  later  deposits,  and 
submitted  to  consequent  long-continued  heat  and  pressure,  there 
was  a  redistribution  and  rearrangement  of  their  constituent  parts,  and 
that  segregation  and  crystallization  took  place  in  the  plastic  magma, 
the  various  minerals  arranging  themselves  according  to  the  laws  of 
crystallization  and  mineralogical  attraction.  Attention  has  been 
particularly  attracted  to  the  apatite-aggregation  (as  this  is  the  min- 
eral which  is  sought  for  and  worked)  possibly  to  the  exclusion  of  the 
"pockets"  filled  with  other  minerals.  We  find  the  workable  de- 
posits in  comparatively  large  pockets,  frequently  roughly  parallel 
with  the  strike  of  the  strata  and  with  each  other,  often  connected  by 
thin  veins  or  stringers,  and  having  apparently,  in  many  places,  con- 
tinuity in  depth. 

There  is  no  appearance  of  any  true  fissure  which  might  be  the 
result  of  faulting  or  shrinking,  and  so  might  form  veins  or  lodes 
with  distinct  walls;  but  it  seems  likely  that  when  the  strata  were 
subjected  to  gradual  pressure,  heat  and  folding,  there  were  certain 
planes  in  the  beds  now  forming  the  pyroxene  zones  where  there 
would  be  the  least  resistance,  so  that  a  series  of  hollows  would 
ensue,  especially  on  the  synclinal  and  anticlinal  curves.     The  same 
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phenomena  occurred  as  when  a  number  of  sheets  of  paper,  or  an 
unbound  book,  laid  flat,  with  a  heavy  weight  on  top,  is  subjected  to 
lateral  pressure,  and  a  series  of  spaces  is  formed  in  cei^tain  planes 
between  the  leaves,  especially  on  the  axis  of  the  folds.  As  these 
cavities  or  spots  of  least  resistance  gradually  opened,  the  various 
minerals  crystallizing  out  of  the  plastic  magma  arranged  themselves 
in  them,  the  distinct  minerals  seeking  for  a  space  to  crystallize 
and  segregate  according  to  their  species.  Phosphate  of  lime  has  a 
great  tendency  to  aggregation,  and  it  would  try  to  fill  up  these  cavi- 
ties or  weak  spaces,  scattered  atoms  being  attracted  by  the  larger 
masses  from  the  surrounding  matrix,  and  arranging  themselves  either 
as  cr^'stals  or  in  a  crystalline  mass.* 

The  other  minerals  not  forming  the  mass  of  the  country- rock  (py- 
roxene), would  form  separate  colonies  of  crystals  in  and  around  the 
apatite,  different  minerals  predominating  in  different  places.  I 
see  no  more  reason  to  call  in  the  aid  of  water  or  of  plutonic  action, 
to  account  for  the  peculiar  conditions  of  these  apatite-pockets,  than 
to  account  for  the  crystalline  condition  of  granite.  I  believe  that  the 
])hosphate  was  more  or  less  regularly  deposited  in  the  varying  beds 
in  the  Laureutian  sea,  and  that  afterwards,  during  the  time  of 
metamorphism,  phosphate  of  lime  and  other  minerals  crystallized 
out  from  the  mother- rock  in  the  most  convenient  positions  that  they 
could  find  ;  sometimes,  as  in  the  granitic  gneiss  and  other  rock-strata 
of  the  same  period,  collecting  in  irregular  masses  and  detached 
crystals  of  apatite,  while  the  pyroxene  presented  convenient,  more 
or  less  parallel  pockets  or  yielding  planes,  in  which  the  minerals 
foreign  to  the  pyroxenic  mass  congregated. 

The  presence  of  rounded  pebbles  of  phosphate  of  lime  in  the  cen- 
ter of  some  crystals  of  apatite  in  these  pockets  may  possibly  be  ac- 
counted for  by  supposing  them  to  have  been  rounded  coprolites  in 
the  PaUeozoic  silt,  which,  being  present  on  the  lines  of  cleavage, 
and  becoming  the  nuclei  of  the  crystals,  were  brought  to  their  present 
condition  by  crystalline  growth. 

To  illustrate  what  I  mean,  I  cannot  do  better  than  quote,  from  the 
Acadian  Geology  of  Sir  John  William  Dawson  (p.  628),  his  de- 
scription of  the  "  barrel-quartz  "  in  the  Waverley  gold-mine,  Nova 
Scotia.  I  have  visited  the  mine,  and  can  bear  witness  to  the  graphic 
description,  and  I  cordially  agree  with  his  conclusions. 

*  The  scattered  apatite  crystals  in  the  gneiss  arranged  tliemselves  (there  being 
possibly  no  convenient  cavities  to  fill)  as  best  they  could,  as  crystals  do  in  coarse 
granite. 
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"  The  a|)})earances  showed  that  the  barrel  arrangement  had  con- 
stituted the  crumpled  crown  of  an  anticlinal  bend  or  arch — an  expla- 
nation already  given  by  Prof.  Silliman  ;  and  on  one  side  the  vein 
could  be  seen,  following  the  beds  downward  on  the  side  of  this  arch. 
The  arrangement  indicates  great  lateral  pressure,  and,  which  is  of 
more  importance,  proves  conclusively  that  the  quartz  veins  are  con- 
temporaneous with  the  folding  of  the  rock,  since  they  have  perfectly 
followed  its  folds  without  fracture.  That  the  auriferous  quartz  veins 
are  not  beds,  is  evident  from  the  manner  in  which  they  send  off 
branches  into  the  neighboring  rock,  as  well  as  from  their  own  crys- 
talline structure  and  the  character  of  the  imbedded  minerals.  They 
are  undoubtedly  true  veins,  but  not  veins  formed  by  fracture  of  the 
containing  rocks  when  in  a  hard  and  metamorphosed  state.  They 
have  been  formed  and  filled  in  the  very  act  of  the  contortion  and 
altering  of  the  strata,  and  are  thus  of  the  nature  of  segregation- 
veins,  gradually  formed,  as  tiie  spaces  containing  them  were  opened 
out,  by  a  process  so  slow  and  gentle  that  the  containing  beds  were 
bent  without  fracture  and  with  but  little  crushing.  The  barrel-quartz 
is  most  instructive  as  an  illustration  of  this  peculiar  mode  of  forma- 
tion, which  must  have  often  occurred  in  the  disturbance  and  meta- 
morphism  of  sediments,  though  geologists,  from  the  habit  of  looking 
exclusively  at  fissure-veins  on  the  one  hand  and  beds  on  the  other, 
have  often  been  puzzled  by  these  aj>parent  anomalies,  which  occur  in 
the  case  of  what  may  be  termed  contemporaneous  veins  following  the 
strike  of  the  enclosing  beds,  and  which,  while  simulating  beds,  and 
obviously  not  filling  mere  rents  or  fractures  opened  in  hard  rocks, 
must  have  been  produced  by  forces  acting  long  after  the  original  de- 
position of  the  containing  strata." 

This  description  seems  equally  applicable  to  the  apatite-deposits  of 
Canada.  It  is  probable  that  sonie  of  the  minerals  may  have  been 
deposited  later  in  the  "segregation-veins"  by  the  action  of  water 
under  heat  and  pressure,  as  in  true  fissure-veins  or  other  deposits; 
but  I  am  inclined  to  believe  that  most  of  the  various  minerals  found 
in  these  "  lenses  "  came  to  their  present  location  by  the  molecular  re- 
arrangement which  probably  took  j)lace  when  the  strata  were  in  a 
plastic  or  semi-plastic  condition.  The  parallelism  and  continuity  of 
the  lenses  I  account  for,  as  above,  by  the  folding  and  contorting,  form- 
ing synclinals  and  anticlinals,  and  so  bending  the  strata  that  a  series 
of  hollows  were  gradually  formed,  which  were  filled  contempora- 
neously with  apatite  and  other  minerals. 

Dana,  in  his  3Ianual  of  Geology  (p.  711),  says:  ''The  ocean  is  a 
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mineral  spring  that  dates  from  the  period  in  the  earth's  history  when 
the  vapors  first  settled  on  the  cooling  crust.  All  the  materials  that 
were  at  all  soluble,  and  that  the  conflict  of  hot  rocks  and  hot  waters 
could  have  then  made,  were  at  first  present  in  it.  An  excess  of  phos- 
phates and  of  carbonate  of  lime  continued  to  characterize  it  after  the 
Palaeozoic  era  had  begun,  as  is  learned  from  the  abundance  of  Lin- 
gular and  other  phosphatic  shells."  In  another  place  (p.  593)  he 
says:  "The  great  prevalence,  in  the  Primordial,  of  i/»(7((/ce  and  some 
related  brachiopods,  having  shells  containing  a  large  amount  of  phos- 
phate of  lime,  is  further  evidence  of  the  greater  density  of  the  waters 
and  seems  to  indicate,  as  stated  by  Hunt,  who  first  made  known  the 
fact,  the  presence  of  an  excess  of  phosphates."  The  Lingula  ovalis 
(a  recent  species)  referred  to,  contained  85.79  per  cent,  of  phosphate 
of  lime,  11.75  per  cent,  of  carbonate  of  lime,  and  2.80  per  cent,  of 
phosphate  of  magnesia. 

Sir  William  Logan,  in  the  Geology  of  Canada  for  1863  (p.  461), 
describing  the  occurrence  of  apatite,  says :  "  Nodules  composed  in 
great  part  of  phosphate  of  lime  occur  in  many  localities  in  the 
lower  Silurian  rocks,  and  appear  to  be  coprolites.  In  some  cases  at 
least,  they  exhibit  imbedded  fragments  of  the  shells  of  Lingula,  which 
was  probably  the  source  of  the  phosphate  of  lime.  V^e  have  shown 
that  the  horny  translucent  shells  of  Lingula  and  Orbicula,  both  of 
recent  and  fossil  species,  together  with  Conularia  and  Serpulites,  differ 
entirely  from  those  of  other  mollusks,  and,  like  the  bones  of  verte- 
brate animals,  consist  for  the  greater  part  of  phosphate  of  lime." 

The  Eozoon  Canadense  occurs  in  the  base  of  the  band  of  crystal- 
line limestone  underlying  the  greater  part  of  the  apatite-.bearing 
strata.  It  thus  appears  that  in  the  Lower  Silurian  sea  the  shells  of 
the  species  living  in  those  times  were  sometimes  very  rich  in  phos- 
phate of  lime,  and  probably  the  coprolites  of  the  then  existing 
animals  were  also  phosphatic;  and  it  seems  likely  that  the  sands 
and  marly  clays  which  then  formed  the  beds  now  changed  by  meta- 
morphism  into  the  gneiss,  pyroxene,  and  other  altered  rocks  which 
form  the  present  country-rock  of  the  apatite-deposits  in  Canada, 
were  the  grave  of  shell-  and  other  life,  and  contained  scattered 
through  them  the  phosphate  of  lime  secreted  from  the  waters  of 
the  sea;  and  that,  in  the  course  of  metaraorphism,  nearly  all  fossil 
remains  were  destroyed,  and  the  j)hosj)hate  of  lime  crystallized  out 
as  apatite,  either  as  scattered  crystals  in  the  rock  or  in  crystalline 
masses,  filling  contemporaneously  the  cavities  made  by  the  gradual 
folding. 
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South  Carolina. 
ff 
The  deposits  of  phosphate  of  lime  in  this  State  have  been  worked 

so  long  and  so  successfully,  and  have  been  so  exhaustively  discussed 
by  Messrs.  Holmes,  Shepherd,  Moses,  and  many  others,  that  I  will 
not  again  describe  them.  It  is  usually  granted  that  the  various 
phosphate-deposits  were  formed  in  shallow  waters,  and  that  in  some 
way  a  calcareous  phosphatic  marl  of  variable  composition  and  thick- 
ness was  laid  down  over  all  the  section  of  land  included  in  the  "  phos- 
phate-belt." In  my  judgment  the  most  probable  explanation  of 
these  deposits  is,  that  the  present  site  of  the  phosphate-beds  was  in 
Miocene  times  a  shallow  estuary,  in  which  was  deposited  the  silt 
brought  down  by  a  river,  and  derived  from  the  decay  of  the  Eocene 
or  Vicksburg  limestones.  This  silt  was  composed  of  the  more  or 
less  insoluble  phosphate  of  lime,  mixed,  of  course,  with  varying 
proportions  of  clay  and  sand.  There  does  not  seem  to  have 
been  much  life  in  this  estuary;  and  the  fossils  that  we  do  find  are 
almost  invariably  not  pseudomorphs,  but  casts,  from  which  the  car- 
bonate of  lime  has  been  subsequently  removed  by  the  action  of  acid 
waters.  The  Vicksburg  limestones,  which  are  more  or  less  continu- 
ous over  the  whole  of  the  Atlantic  coast-plain,  have  been  shown  to 
be  highly  phosphatic  in  many  places.  By  the  action  of  decay,  de- 
nudation and  leaching  (to  be  more  fully  described  under  the  head  of 
Florida  phosphates),  the  soluble  carbonates  were  carried  away  in 
solution,  and  the  more  insoluble  phosphates  were  deposited.  I  have 
never  visited  the  North  Carolina  beds,  but  from  their  description  I 
am  inclined  to  believe  that  their  origin  was  probably  contemporane- 
ous, and  due  to  a  similar  chain  of  geological  processes.* 

*  In  the  introduction  to  Bulletin,  No.  46,  United  States  Geological  Survey,  on  the 
"  Nature  and  Origin  of  Deposits  of  Phosphate  of  Lime,"  by  Dr.  R.  A.  F.  Penro.se, 
Prof.  N.  S.  Shaler  says  (page  12) :  "  We  are  driven  to  the  conclusion  that  this  class 
of  deposits  may  reasotiably  be  sought  for,  wherever  soft  calcareous  beds  containing 
a  certain  amount  of  lime  phosphate  have  been  subjected  to  long-continued  leaching 
by  waters  containing  the  share  of  carbonic  acid  gas,  which  belongs  to  all  rain-water 
after  it  has  passed  through  the  mat  of  decayed  vegetation.  As  long  ago  as  1870,  I 
became  convinced  that  it  was  to  the  leaching  out  of  the  carbonate  of  lime  by  the 
carbonated  water  of  the  soil-bed,  that  we  owe  in  the  main  the  concentration  of  the 
nodular  phosphate  of  South  Carolina.  Although  it  is  still  necessary  to  explain 
many  of  the  details  of  this  process  to  adapt  it  to  the  peculiar  circumstances  of  par- 
ticular deposits,  it  seems  to  me  that  it  is  the  key  to  the  most  common  forms  of 
superficial  accumulations  of  nodular  phosphates.  In  an  admirable  description  of 
the  phosphate-beds  in  the  neighborhood  of  Mons,  in  Belgium,  by  Mr.  F.  L.  Cornet, 
that  distinguished  author  has  independently  propounded  this  simple  hypothesis, 
VOL.  XXI. — 10 


146  GEOLOGICAL    ORIGIN    OF    PHOSPHATE    OF    LIME. 

In  Pliocene  times,  a  gradual  upheaval  of  the  coast-line  took 
place,  and  the  shallow  estuary  was  changed  into  the  marsh  swarm- 
ing with  Pliocene  life.  A  subsequent  subsidence  took  place,  and  it 
was  then  that  the  Quaternary  drifts  and  sands  were  deposited.  I 
account  for  the  great  number  of  Pliocene  fossils  by  the  fact  that  the 
various  bones  and  teeth  of  the  dead  animals  lay  on,  and  at  times 
sank  into,  the  phosphatic  bed,  and  that  the  phosphoric  acid  from 
the  bed  replaced  the  carbonate  and  filled  up  in  many  cases  the 
cellular  structure  of  the  bones ;  in  fact,  I  consider  that  the  phosphate 
of  lime  in  these  fossils  was  for  the  greater  part  derived  from  the 
underlying  bed,  and  was  the  cause  of  their  preservation.  Life  may 
have  been  more  rife,  and  animals  more  numerous  in  those  times,  and 
possibly  in  this  locality  ;  but  this  is  not  needful  if  it  be  supposed  that 
the  bones  and  teeth  of  the  dead  animals  fell  into  a  grave  where  the 
conditions  were  such  that  decay  was  stopped,  and  their  cellular  parts 
were  filled  with  massive  phosphate  of  lime.  Many  of  the  earlier  in- 
quirers were  led  by  the  presence  of  these  fossils  to  conclude  that  the 
phosphoric  acid  had  been  derived  from  them  and  from  the  decay  of 
other  animal  remains;  whereas  it  appears  to  me  beyond  doubt  that 
the  opposite  is  true,  and  that  the  phosphoric  acid  in  the  bed  has  pre- 
served the  fossils.  ^Yhen  one  considers  that  in  these  fossils  there  is 
far  more  phosphate  of  lime  in  their  present  state  than  there  ever  was 
in  their  original  condition,  it  is  manifestly  absurd  to  derive  the  phos- 
phate in  the  underlying  beds  from  them  ;  of  course  it  is  possible  that 
the  phosphoric  acid  was  derived  from  the  decay  of  millions  of  tons 
of  other  bones,  but  it  seems  to  me  improbable.  It  is  more  reason- 
able to  consider  that  these  fossils  were  preserved  by  the  phosphate, 
and  that  their  presence  is  the  effect  and  not  the  cause.  To  further 
illustrate  this  fact,  I  have  seen  in  the  bars  of  "pebble"  phosphate 
in  Peace  River  in  Florida,  teeth  and  bones  of  modern  pigs  and 
cattle,  and  the  horns  of  the  present  local  deer  in  great  quantities 
undergoing  this  change,  parts  of  the  bones  or  teeth  being  still  bone, 
while  portions  had  been  stonily  phosphatized.  There  can  be  no 
doubt  that  the  phosphate  was  derived  from  the  surrounding  "peb- 
ble," and  that  these  remains  and  the  other  fossils  owed  their  preser- 
vation and  petrifaction  to  their  surroundings. 

and  several  oilier  writers  on  the  subject  have  apprehended  the  importance  of  tiiis 
leaching  action." 

In  this  connection  it  wonld  be  interesting  to  determine  by  experiment  to  what 
extent  the  solubility  of  phosphate  of  lime  in  water  is  affected  by  the  presence  of  bi- 
carbonate of  lime.  I  have  not  come  upon  any  data  giving  results  under  this  head, 
and  have  not  myself  the  facilities  for  such  experiments. 
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Phosphate  of  lime  seems  to  have  a  curious  faculty  of  motion,  pseu- 
domorphosis,  aggregation  and  segregation,  and  to  be  constantly  on 
the  lookout  to  move  away  from  where  it  is  and  take  up  quarters  else- 
where. I  was  much  struck,  during  a  recent  visit  to  South  Carolina, 
to  see  the  effect  caused  by  the  working  of  the  dredges  in  the  Coosaw 
river.  It  was  instructive  to  notice,  where  a  fresh  surface  of  the  un- 
derlying sandstone  had  been  exposed,  how  quickly  a  veneer  of  dark 
resinous  phosphate  covered  the  fracture,  and  how  frequently  blocks 
of  this  sandstone  were  coated  with  it,  so  that  great  skill  was  required 
to  distinguish  them  from  masses  of  phosphate. 

Florida. 

Before  entering  on  the  geological  origin  of  Florida  phosphates  I 
take  this  opportunity  again  to  give  credit  where  credit  is  due.  In 
newspaper-articles  and  real-estate  pamphlets  a  more  or  less  romantic 
story  is  usually  told  of  the  discovery  of  these  phosphates.  In  The 
Mineral  Resources  of  the  United  States,  1887-88,  Dr.  Day,  of  the 
Geological  Survey,  states  that  Dr.  C.  A.  Simmons,  of  Hawthorn, 
Fla.,  in  1879,  discovered  that  the  principal  building-rock  of  central 
Florida  contained  a  considerable  amount  of  phosphoric  acid.  In 
1879  he  located  the  quarry  near  Hawthorn,  and  in  1883  began 
mining  the  rock  and  converting  it  into  a  fertilizer.  Dr.  Simmons  is 
thus  entitled  to  the  credit  of  first  recognizing  the  phosphates.  Dr.. 
Day  further  points  out  the  probable  continuity  of  the  deposits,  and 
urges  systematic  development. 

Florida  phosphates  have,  during  the  last  year  or  two,  been  classi- 
fied and  described;  all  Florida  has  been  "  pitted"  and  probed  ;  the 
geology  of  the  peninsula  has  been  studied,  and  the  old  theories  as  to 
its  origin  have  been  entirely  replaced.  The  Geological  Survey  of 
the  United  States  has  lately  made  an  examination,  and  the  results 
of  its  work  are  anxiously  awaited.  I  venture,  however,  to  give  the 
conclusions  which  ray  personal  observations  have  led  me  to  formulate 
independently. 

Some  years  ago,  Florida  was  supposed  to  be  a  mere  succession  of 
coral-reefs  covered  with  sea-sand,  and  this  idea  of  a  coral-formation 
has  been  hard  to  eradicate ;  but  as  a  matter  of  fact  the  State  does  not 
present  any  geological  aspect  different  from  that  of  the  Atlantic  coast 
or  northern  Mexican  Gulf  States.  It  is  underlain  throughout  by  the 
Eocene  or  Vicksburg  limestone,  with  varying  thicknesses  of  later 
Tertiary  clays  and  sands;  and  the  geology  is  simple  when  once  under- 
stood.    The  red  clay  of  Georgia,  which  is  well  shown  at  Tallahassee, 


148  GEOLOGICAL   ORIGIN    OF    PUOSPHATE    OF    LIME. 

seems  to  be  an  old  coast-line;  the  Vicksburg  limestone  has  been 
largely  denuded ;  and  I  look  upon  this  formation  as  the  original  source 
of  the  various  phosphate-beds  in  the  southern  and  western  portions 
of  the  State.  Denudation  or  erosion  has  carried  away  large  areas  of 
the  limestone,  and  we  find  varying  depths  of  sand  and  clay  overlying 
it,  and  on  the  sea-coast,  in  places,  a  recent  shell-formation,  especially 
at  St.  Augustine.  Without  discussing  further  the  general  geological 
features  of  the  peninsula,  or  the  extent  and  character  of  the  phos- 
phate-deposits, I  shall  try  to  explain  their  probable  geological 
origin. 

Nearly  all  the  deposits  of  phosphate  of  lime  in  the  world  now 
known  and  exploited,  which  are  of  the  Cretaceous  period  or  of  later 
date,  are  either  phosphatic  limestones  or  chalks,  or  else  a  deposit  of 
phosphate  of  lime  lying  on  a  limestone  or  chalk,  with  the  exception 
of  such  deposits  as  those  in  the  Carolinas,  which  I  derive  as  a  sec- 
ondary deposit  from  these  limestones.  Nearly  all  limestones  are 
phosphatic  to  a  greater  or  less  degree ;  and  the  same  action  of  the 
various  forms  of  life  as  secreted  the  carbonate  that  makes  up  the 
bulk  of  the  chalk  or  limestone,  was  also  at  work  taking  the  phos- 
phate from  the  waters  of  the  ocean.  I  have  shown  that  some  of  the 
highest  geological  authorities  consider  that  these  waters  were  more 
phosphatic  formerly  than  now. 

The  "  pebble  "  deposits  of  the  southern  counties  of  Florida,  and 
much  of  what  is  known  as  "soft  ])hosphate,"  is  a  secondary  deposit, 
aud  evidently  came  into  its  present  position  by  river-action.  The  chief 
difficulty  has  been  to  account  for  the  scattered  "  boulders  "  of  hard 
rock-phosphate.  This  formation  has  now  been  exhaustively  studied 
and  examined,  and  many  theories  have  been  given  to  account  for  the 
extreme  irregularity  of  the  deposits.  The  "  pockets  "  or  "  boulders  " 
are  found  apparently  in  situ,  surrounded  with  clay  and  sand,  in  every 
conceivable  shape;  many,  however,  having  a  regular  striated  appear- 
ance, while  some  are  stalagmitic  and  stalactitic,  and  have  every  a})pear- 
ance  of  water-deposition.  Until  lately  I  had  considered  that  they 
were  dei)Osited  in  underground  caverns  and  river-beds  in  the  Vicks- 
burg limestone,  and  I  published  a  paper  to  this  effect  in  the  Engineer- 
ing and  Mining  Journal  of  May  30,  1891 .  I  now  beg  to  modify  my 
ideas  to  some  extent. 

There  has  been  a  good  deal  of  natural  confusion  between  native 
and  manufactured  guanos;  and  many  persons  have  supposed  that  the 
phosphates  found  on  the  islands  of  Navassa,  Little  Cura9ao,  Aruba, 
Sombrero  and  many  others,  are  all  leached  guanos,  and  the  islands 
all  coral-islands. 
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Uufortunately  I  have  not  had  the  opportunity  of  personal  exami- 
nation, but  I  have  read  many  descriptions  and  examined  many  speci- 
mens; and  I  have  come  to  the  conclusion  that  the  deposits  of  the 
West  Indies  have  been  formed  in  the  same  way  as  the  phosphates  of 
Florida,  and  that  the  bulk  of  the  evidence  seems  to  show  that  the 
islands  are  limestone  islands  of  the  Vicksburg  and  Florida  limestone. 
The  fact  that  the  phosphate  is  used  as  a  manure  and  is  found  on  isl- 
ands, and  that  guano  is  likewise  used  as  a  manure  and  found  on 
islands  has  favored  the  impression  that  their  origin  was  the  same. 
This,  I  hope  to  show  is  no  more  true  than  that  the  deposits  of  Peru- 
vian guano  are  similar  to  the  Sorames  phosphates.  Mr.  E,  V.  D'ln  vil- 
liers,  in  a  paper  on  the  "  Phosphate  Deposits  of  the  Island  of  Navassa," 
published  in  the  Bulletin  of  the  Geological  Society  of  America,  1891 
(vol.  ii.,  p.  75),  describes  the  geology  as  follows :  "  Externally  the 
whole  island  presents  a  rough,  uneven  surface,  often  difficult  and 
dangerous  to  walk  over  after  removal  of  the  phosphate.  But  the 
underlying  rock  is  compact  and  close-grained,  and  exhibits  a  partial 
stratification,  well  seen  in  the  numerous  caves  and  sink-holes  which 
abound  in  the  different  parts  of  the  island.  In  these  caves,  whose 
sides,  being  less  exposed  to  weathering,  present  regular  surfaces  of 
white  and  blue  limestone,  the  occurrence  of  stalactites  hanging  from 
the  roof  was  frequently  noticed,  although  the  stalagmites  were  largely 
concealed  by  a  deposit  of  excellent  gray  phosphate  said  to  be  very 
rich  in  phosphoric  acid,  but  of  which  the  supply  is  naturally  some- 
what limited.  Several  of  these  caves  are  from  60  to  70  feet  deep. 
The  limestone  on  the  top  and  making  the  flanks  of  the  central  hill 
of  the  island  is  usually  of  a  distinct  color,  in  places  a  deep  blue  ; 
while  that  making  the  lower  flat  is  more  commonly  white  in  color. 
Both  varieties  of  limestone,  wherever  exposed,  give  off  a  ringing 
metallic  sound  when  struck,  and  are  quite  brittle;  but  when  burned 
both  give  a  white  powder.  Holes  and  shafts  sunk  on  the  upper  flat 
show  the  limestone  under  good  cover  to  exist  as  a  pure  white  stone, 
often  amorphous  carbonate  of  lime.  .  .  .  The  material  occurs  in 
cavities  and  fissures  in  the  surface  of  hard,  gray,  white,  and  blue 
limestone.  .  .  .  The  cavities  are  rarely  over  four  or  five  yards  wide 
on  the  surface,  and  are  often  found  only  sufficiently  large  to  admit 
a  man's  body.  Occasionally  several  individual  pockets,  divided 
by  barren  limestone  at  the  surface,  may  come  together  ten  or  fifteen 
feet  beneath  the  ground  and  make  one  large  circular  opening.  The 
holes  and  trenches,  indeed,  show  every  conceivable  variation  of  form 
and  outline.     The  yield  of  phosphate  from  the  individual  pockets 
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varies  usually  from  two  to  teu  tons,  but  one  such  hole  on  the  lower 
flat  contained  nearly  300  tons,  while  another  in  the  upper  flat  fur- 
nished upwards  of  1000  tons."  Mr.  D'Invilliers  also  reports  that 
one  shaft  was  sunk  251  feet  in  solid  limestone,  but  no  more  phos- 
phate was  found.  The  "  partial  stratification  "  observed  by  him  is 
strong  evidence  that  the  limestone  is  not  coralline. 

I  have  found  nothing  in  any  description  of  any  of  the  West  In- 
dian phosphate-islands  to  suggest  a  coral-limestone  or  "  atoll "  forma- 
tion, such  as  Mr.  D'Invilliers  considers  the  island  of  Navassa  to  be. 
That  coral  grows  in  the  shallow  waters  of  the  gulf  is  well  known, 
and  there  are  probably  some  fossil  corals  in  the  limestone ;  but  I  am 
strongly  of  opinion  that  these  limestones  will  prove  to  be  geologi- 
cally identical  with  those  of  Florida.  We  have  seen  that  Florida 
was  supposed  to  be  of  coral  formation  ;  this  theory  is  now  exploded, 
and  everything  ])oints  to  identical  geological  conditions  between 
Florida  and  the  West  Indian  phosphate-islands.  Florida  was  cov- 
ered with  a  considerable  thickness  of  Vicksburg  limestone  at  the 
end  of  the  Eocene  period ;  it  has  been  subject  to  great  denudation  ; 
and  it  was  subsequently  submerged  again,  when  the  blanket  of  sand 
covering  it  was  deposited.  The  phosphates  of  Florida,  in  all  shapes, 
I  derive  from  the  leaching  of  the  Vicksburg  limestone,  and  in  the 
same  way  I  would  account  for  the  phosphates  of  the  West  Indian  Isl- 
ands. The  phosphatic  limestone  of  these  islands  has  been  subject  to 
the  leaching  action  of  rains  and  atmospheric  reactions,  and  the  carbo- 
nate of  lime  has  been  carried  away,  leaving  on  the  surface  the  more 
insoluble  phosphate,  and  the  iron  and  alumina.  As  in  all  limestones, 
the  water  eats  away  the  rock  unevenly,  making  pits  and  holes,  and 
caves,  and  the  phosphate  of  lime  fills  them  up, — either  in  an  earthy 
form,  or  in  the  massive-  variety,  which  is  described  as  coating  the 
stalagmites  and  stalactites  in  the  cave  in  Navassa. 

I  look  upon  the  hard  rock-phosphate  field  of  Florida  as  having 
been,  at  one  time,  under  similar  conditions  to  those  now  visible  in 
Navassa,  and  hold  the  "  boulders  "  and  "  pockets  "  in  Florida  to  be 
similar  to  the  pockets  in  Navassa  ;  only  in  Florida  there  has  been  a 
subsequent  subsidence,  and  the  "  boulders  "  have  often  l)een  covered 
with  sea  sand;  and  very  often  the  limestone  walls  have  been  leached 
or  worked  away,  and  the  pocket- masses  may  have  rolled  over,  so 
that  sand,  clay  and  earthy  phosphates  have  been  washed  in  and 
around  them.  This  explanation  appears  to  me  to  account  thor- 
oughly for  the  composition,  surroundings,  and  appearance  of  the 
rock-phosphate.     The  striated  phosphate  was  deposited  in  the  cavi- 
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ties,  mostly  from  solution,  but,  as  is  often  apparent,  some  was  washed 
in  in  suspension,  and  was  solidified  by  that  which  entered  in  solu- 
tion. 

Islands  like  Navassa  appear  to  be  the  highest  points  left  after  the 
subsidence  of  the  land  now  forming  the  bottom  of  the  Gulf;  or  they 
may  have  been  raised  by  volcanic  upheaval,  though  it  seems  proba- 
ble that  sinking  is  still  going  on,  so  that,  had  this  island  not  been 
worked  by  man,  and  had  it  gradually  sunk  under  the  waters  of  the 
Gulf  and  been  covered  with  sea-sand,  and  then  gradually  again  up- 
heaved, we  should  find  in  Navassa  the  exact  conditions  now  found 
in  Dunnellon  and  other  places  in  Florida. 

During  the  gradual  subsidence  of  Florida  in  Miocene  or  Plio- 
cene times,  when  the  denudation  and  leaching  took  place,  the  sec- 
ondary deposits  of  Peace  river  valley  were  washed  away  and  re-de- 
posited in  the  form  of  a  phosphatic  marl,  having  various  percentages 
of  phosphate  and  carbonate  of  lime,  and  the  "  pebbles  "  were  formed 
by  nodular  concretion,  and  afterwards  in  many  cases  were  again  re- 
distributed by  water. 

I  am  sorry  that  the  scope  of  this  paper  will  not  allow  me  to  dilate 
at  further  length  on  the  probable  origin  of  these  beds,  and  the  simi- 
larity of  the  deposits  in  Florida  and  the  West  Indian  Islands,  and 
also  their  identity  with  the  Cretaceous  and  ''  hard-rock  "  deposits  of 
France,  England,  Belgium,  and  elsewhere,  and  to  show  that  the 
same  natural  sequence  of  geological  and  chemical  events,  caused  simi- 
lar deposits  on  diiferent  parts  of  the  earth's  surface,  under  similar 
conditions. 

I  know  that  further  investigation  is  necessary  to  prove  ray  as- 
sumption, and  am,  of  course,  diffident  in  hazarding  this  opinion;  but 
I  have  been  so  struck  with  the  apparent  similarities  presented  by  the 
different  deposits,  that  I  am  emboldened  to  promulgate  the  above 
view,  in  the  hope  that  certain  proof  may  be  brought  forward  as  to 
the  origin  of  the  West  Indian  and  Florida  phosphates.  Should  my 
proposition  prove  correct,  it  will  follow  that  the  Vicksburg  lime- 
stone was  continuous  under  the  waters  of  the  Gulf  of  Mexico.  I 
shall  be  very  grateful  for  any  specimens  from  the  West  Indian  phos- 
phate-fields and  analyses  of  Vicksburg  limestone,  showing  percent- 
ages of  phosphate  from  any  locality;  and  I  hope  to  be  able  to  con- 
tribute at  the  next  meeting  a  postscript  to  this  paper. 

To  sum  up,  I  am  of  opinion  that  the  various  deposits  had  their 
origin  as  follows : 

Canada. — The  phosphoric  acid  was  secreted  by  animal  agency  in 
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sedimentary  beds,  afterwards  subjected  to  heat  and  pressure — caus- 
ing folding — and  the  apatite  crystallized  out  in  pockets,  the  location 
of  which  was  determined  by  the  folding  of  the  strata. 

Carolina. — The  phosphate-beds  are  sedimentary  estuarine  deposits, 
brought  to  their  present  location  in  suspension  in  an  ancient  river, 
which  flowed  through  a  district  of  Vicksburg  limestone,  exposed  to 
decay  and  denudation — the  waters  of  this  river  being  probably  very 
"hard,"  and  carrying  large  quantities  of  carbonate  of  lime  in  S0IU7 
tion.  The  calcareous  phosphatic  silt  has  since  been  altered  by  mole- 
cular and  leaching  action.  The  prevalence  of  fossils  is  due  to  the 
preserving  action  of  the  phosphate  of  lime,  and  the  phosphoric  acid 
in  the  beds  is  not  derived  from  the  bones,  but  most  of  that  in  the 
bones  is  derived  from  the  beds. 

Florida. — The  geological  conditions  of  Florida  and  some  of  the 
AY  est  Indian  Islands  are  identical,  and  the  "  boulder  "-rock  is  de- 
rived from  leaching  of  the  limestone,  the  material  being  washed  into 
hollows  and  caves  and  deposited  by  water,  while  the  limestone  walls 
have  been  since  washed  away  during  subsidence. 

Discussion. 

J.  Francis  Le  Baron,  Jacksonville,  Fla.  (Communication  to  the 
Secretary) :  I  have  read  with  much  interest  Mr.  Davidson's  valuable 
paper.  While  I  agree  with  him  in  general,  there  is  one  point  in 
which,  injustice  to  myself,  I  am  obliged  to  dissent,  namely,  with  re- 
gard to  the  discovery  of  these  deposits. 

Mr.  Davidson  says:  "In  newspaper  articles  and  real-estate  pam- 
phlets a  more  or  less  romantic  story  is  usually  told  of  the  discovery 
of  these  phosphates,"  and  adds,  on  the  authority  of  Dr.  Day,  of  the 
U.  S.  Geol.  Survey,  that  Dr.  C.  A.  Simmons,  of  Hawthorn,  Fla., 
discovered  phosphoric  acid  in  the  common  building-rock  of  the  cen- 
tral part  of  the  State,  and  located  a  quarry  near  Hawthorn,  but  did 
not  do  anything  with  it  until  1883,  when  he  commenced  mining  it 
and  making  fertilizers. 

This  statement  I  will  not  dispute,  although  this  is  the  first  I  have 
heard  of  it;  and  it  certainly  seems  strange  that  if  a  factory  of  this 
kind  had  been  in  operation,  no  notice  of  it  should  have  ever  crept 
into  any  of  the  numerous  public  prints,  or  that  the  sale  of  the  pro- 
duct should  not  have  been  advertised.  I  was  living  in  Florida  at 
the  time,  and  would  certainly  have  heard  of  it  if  it  had  proved  suc- 
cessful. 

That  the  experiment  was  short-lived  and  without  practical  results, 
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is  proved  by  the  later  report  of  Dr.  Day  himself  {Mineral  Resources, 
ls86,  p.  618),  where  he  says: 

"The  only  firms  manufacturing  fertilizers  in  the  State  (Florida)  at  the  close  of 
1886,  so  far  as  known  to  this  office,  were:  W.  W.  Hicks,  Fort  Mason,  Orange  Co. ; 
The  Home  Fertilizer  Co.,  Sanford,  Orange  Co. ;  Walter  Stpwe,  Stowe's  Landing, 
Duval  Co. ;  and  the  De  Land  Fertilizer  Co.,  De  Land,  Volusia  Co. ;  and  it  is  not 
known  that  any  one  of  these  companies  uses  any  minei-al  constituents  found  in 
Florida." 

He  also  observes,  on  the  preceding  page,  that  "  but  little  use  has 
yet  been  made  of  the  phosphates  discovered  by  Prof.  Lawrence  John- 
son, principally  near  Gainesville,  Fla."  This  was  all  published  in 
1887. 

It  therefore  appears  that  if  Dr.  Simmons  did  discover  the  pho.s- 
phate,  as  he  claims,  in  1879,  he  did  nothing  with  it  until  1883;  and 
that  in  1886,  or  earlier,  he  had  ceased  to  utilize  it. 

In  the  spring  and  summer  of  1881  I  was  engaged  as  U.  S.  As- 
sistant Engineer,  under  the  orders  of  the  late  Maj.-Gen.  Q.  A.  Gill- 
more,  Corps  of  Engineers,  U.  S.  Army,  in  a  survey  for  a  steamboat- 
route  or  canal  from  the  head-waters  of  the  St.  John's  river  to  the 
Gulf  of  Mexico,  in  Florida;  and  on  May  27th  of  that  year  I  com- 
menced the  survey  of  Peace  creek  or  river  at  Fort  Meade.  It  was 
while  making  this  survey  that  I  discovered  the  pebble-phosphate 
deposits  in  that  river. 

On  November  28,  1881,  I  made  to  Gen.  Gillmore,  through  Capt. 
William  G.  Williamson,  a  report  of  this  survey,  which  will  be  found 
in  the  jfiles  of  the  Engineer  Department,  and  in  which  I  referred  to 
the  deposits  in  Peace  river,  and  submitted  geological  sections  of  the 
same.     I  quote  from  my  report : 

"  Below  the  Little  (^liarley  Apapka  creek,  we  passed  for  long  distances  through 
banks  of  ovatoid  limestone,  the  strata  being  4  to  5  feet  thick.  In  places  it  abounded 
in  flint  nodules.  This  limestone  was  quite  soft,  and  could  be  easily  carved  with  a 
knife.  From  about  the  mouth  of  the  Little  Charley  Apapka  down  to  tide-water, 
the  sand-bars  abounded  in  fossils,  among  which  I  found  numerous  teeth  of  saurians, 
sharks,  and  other  fishes,  and  numerous  reptilian  coprolites. 

"  In  several  places  we  found  portions  of  the  skeletons  of  fossil  elephants,  in  one 
case  nearly  entire.  Numerous  teeth  of  the  mammoth  occurred  in  the  sand-bars.  I 
also  found  the  entire  skeleton  of  an  immense  turtle,  buried  5  feet  below  the  surface 
and  8  feet  above  the  water  in  the  creek,  which  is  believed  by  Prof.  Baird  to  be  a 
new  species. 

"  I  collected  several  barrels  of  these  fossil  remains,  intending  to  forward  them  to 
the  Smithsonian  Institution  at  Washington ;  but  half  of  them  were  lost  at  the 
mouth  of  Peace  river  by  the  swamping  of  one  of  our  boats,  by  which  accident  two 
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of  my  men  nearly  lost  their  lives.  (The  specimens  saved  were  sent  to  the  musenm.) 
These  fossil  bones  were  generally  in  an  excellent  state  of  preservation.  A  pelvis, 
nearly  entire,  measured  3  feet  7  inches  by  3  feet.  We  found  fonr  jaw-bones  still 
containing  the  molar  teeth,  also  ribs,  tibiae,  and  femora.  These  mammoth  remains 
were  found  on  and  in  a  thin  layer  of  what  appeared  like  diluvial  drift-gravel,  which 
covered  the  lime  rock.     A  geological  section  taken  a  short  distance  below  the  Little 

Charley  Apapka  is  shown  herewith About  half-way  from  the  mouth  of  Big 

Charley  Apapka  creek  to  Tise's  ford,  a  geological  section  of  the  bank  was  taken, 
and  is  shown  herewith.  The  drift-gravel  is  rich  in  fossil  remains.  The  limestone 
abounds  in  nodules  of  flint,  which,  resisting  the  action  of  the  water,  stand  out  promi- 
nently from  the  softer  lime  rock,  which  is  eaten  away  around  them.  The  limestone 
is  soft,  and  might  be  called  rotten  rock. 

"  The  geological  age  of  this  region  is  somewhat  uncertain.  It  has  been  supposed 
that  no  beds  older  than  the  Vicksbnrg  group  of  the  upper  Eocene  epoch  existed  in 
Florida,  but  I  am  led  to  believe,  from  my  somewhat  cursory  examination  and  the 
limited  study  I  have  been  able  to  devote  to  it,  that  this  region  will  be  found  to 
belong  to  the  later  Cretaceous,  overlaid  with  various  Tertiary  beds. 

'■  Tlie  yellow  limestone,  with  concretionary  flints,  points  plainly  to  the  Cretaceous, 
as  do  the  sand-rocks  and  the  cestracion  teeth.  The  fossil  mammalian  remains,  on  the 
other  hand,  seem  to  belong  to  the  Pliocene,  and  seem  identical  with  the  Sumpter 
epoch." 

Referring  to  the  collection  of  specimens  made  in  the  river,  and 
part  of  which  had  been  lost  by  the  accident  above  mentioned,  the 
late  Prof.  Spencer  F.  Baird,  Secretary  of  the  Smithsonian  Institu- 
tion, wrote  me  as  follows : 

Smithsonian  Institution, 
Washington,  D.  C,  December  30,  1881. 
Dear  Sir  : 

I  have  hitherto  not  had  an  opportunity  of  writing  to  acknowledge  the  receipt  of 
the  extremely  interesting  collection  of  bones  which  yon  forwarded  some  time  ago 
to  the  Smithsonian  Institution.  I  now  beg  to  say  that  they  have  been  submitted  to 
Prof.  Leidy  for  examination,  and  tiiat  he  reports  them  to  be  of  very  great  interest. 
The  turtle  is  especially  interesting,  and  probably  constitutes  a  new  species.  Among 
the  other  forms  are  those  of  the  horse,  the  southern  mammoth  {Elephas  Columbi), 
and  some  others  not  yet  identified.  A  paper  will  be  made  out  by  Prof.  Leidy  on 
this  subject  and  published  by  the  Smithsonian.  Can  you  give  me  any  detailed  in- 
formation in  regard  to  the  locality  and  relationship  of  these  bones:  also  whether 
there  are  others  to  be  met  with.  We  would  like  very  much  to  secure  additional 
specimens. 

Some  time  ago  you  were  kind  enough  to  send  us  a  map  of  the  mounds  on  the  St. 
John's  river  in  Florida.  Unfortunately,  there  is  no  manuscript  accompanying  this. 
If  we  had  this  it  would  give  us  much  pleasure  to  engrave  the  map  and  publish  the 
paper. 

What  are  your  plans  for  the  future,  and  do  you  expect  to  return  to  Florida? 

Yours  truly, 
(Signed)  S.  F.  Baird. 

And  again  referring  to  the  above  letter: 
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Smithsonian  Institution, 
Washington,  D.  C,  January  13,  1882. 
Dear  Sir  : 

I  have  been  trying  for  some  time  to  find  your  exact  address  for  the  purpose  of 
writing  an  acknowledgment  of  the  receipt  of  the  very  interesting  and  important 
contribution  of  fossil  bones  made  by  you  to  the  National  Museum,  the  enclosed  letter, 
written  several  weeks  ago,  having  been  held  until  I  could  forward  it  with  certainty. 
I  was  under  the  impression  that  you  had  severed  your  connection  with  the  engineer 
branch  of  the  army,  and  that  you  resided  in  some  part  of  Massachusetts. 

As  you  will  see  by  the  accompanying  letter,  the  bones  were  those  of  the  southern 
mammoth  or  elephant  (not  mastodon),  a  species  belonging  more  immediately  to 
Texas  and  the  sliores  of  the  Gulf  of  Mexico. 

The  supposed  Mec/atherium  bones  were  those  of  the  large  fossil  Emis,  or  turtle, 
which  I  confidently  expect  will  turn  out  to  be  a  new  species. 

Can  you  suggest  any  way  by  which  a  more  full  and  exhaustive  survey  of  this  re- 
gion can  be  made  by  yourself,  or  any  one  else,  under  government  ausi)ices  or  other- 
wise, so  that  the  entire  fauna  may  be  worked  out,  and  the  material  prepared  for  an 
elaborate  monograph  by  Professor  Leidy,  whose  services  have  been  secured  in  this 
connection,  and  who  will,  I  am  sure,  make  a  satisfactory  presentation  of  the  sub- 
ject ? 

Should  the  subordinate  officers  of  the  Engineer  Bureau  not  have  it  in  their  power 
to  render  facilities  in  tliis  respect,  I  am  quite  confident  I  can  obtain  tliem  from 
General  Wright.  The  aid  of  the  Treasury  Department  through  the  Revenue  Bu- 
reau, and  that  of  General  Hazen,  chief  signal  officer,  I  think  can  be  secured.  I 
hope  to  hear  from  you  on  the  subject. 

Can  you  not  send  me  a  sketch  of  the  locality  referred  to  (the  discovery  of  which 
must  always  be  connected  with  your  name),  so  that  I  may  more  readily  appreciate 
the  conditions  ?  .  .  .  . 

We  feel  under  great  obligations  to  you  for  many  past  favors,  and  hope  to  secure 
your  valuable  co-operation  in  the  future.  Kespectfully  yours, 

(Signed)  S.  F.  Baird. 

In  reply  to  these  letters,  T  referred  Prof.  Baird  to  Gen.  Gillmore, 
my  commanding  officer,  in  the  hope  that  I  might  be  detailed  for 
the  surveys  mentioned.  Prof.  Baird  made  application  for  my  detail 
to  Gen.  Gillmore,  who  felt  obliged  at  the  time  to  refuse  it,  as  I  was 
then  actively  employed  as  Principal  Assistant  U.  S.  Engineer  on  the 
construction  of  the  jetties  and  harbor  works  at  the  mouth  of  the  St. 
John's  river,  and  at  Cumberland  sound,  Fernandiua  harbor,  and  on 
the  Volusia  bar  jetties  at  Lake  George, 

There  the  matter  rested  for  a  few  years.  It  was  my  intention  to 
go  to  South  Carolina  and  study  up  the  phosphate  deposits  there,  in 
order  to  post  myself  as  to  the  exact  commercial  value  and  workings, 
and  in  1883  I  again  made  application  to  Capt.  W.  T.  Rossell,  at 
that  time  my  commanding  officer,  for  a  leave  of  absence  for  that 
purpose,  but  was  unsuccessful. 

In  1884  I  showed  the  specimens  I  had  to  Prof.  Lawrence  John- 
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son  of  the  U.  S.  Geological  Survey  during  his  visit  to  Jacksonville, 
and  discussed  with  him  their  economic  value. 

Nothing  more  was  done  until  December,  1886,  at  which  time  I 
was  engaged,  as  chief  engineer,  in  making  a  survey  for  the  Jackson- 
ville, Manatee  and  Gulf  railroad,  and  being  again  in  the  vicinity  of 
the  deposits,  I  determined  to  investigate  them  more  thoroughly,  and 
I  communicated  the  discovery  and  my  desire  to  Mr.  James  M. 
Kreamer,  engineer  of  the  Okeechobee  Drainage  Company  of  Florida, 
and  was  employed  by  him  to  make  a  confidential  examination  and 
report  of  the  deposits,  which  I  did,  and  submitted  my  report  on 
January  24,  1887,  together  with  geological  sections  and  estimates  of 
cost  of  working,  extent  and  probable  profit,  etc. 

I  quote  from  this  report : 

''  At  the  ford,  three-quarters  of  a  mile  below  the  ferry  (at  Arcadia  on  Peace  river), 
more  correctly  3000  feet,  there  is  a  bar  or  black  bank  on  the  west  side  of  the  river, 
and  extending  across  under  the  river.  The  top  of  this  bank  is  4.75  feet  high  above 
the  water  in  the  river,  and  extends  an  unknown  distance  below.  I  dug  a  pit  down  to 
water-level  and  found  it  to  be  homogeneous  in  character.  The  bar  covers  about 
three-quarters  of  an  acre,  and  altogether  there  is  about  two  acres  of  deposit  visible. 
The  deposit  is  black  or  gray  in  general  color,  and  consists  of  the  following  marine 
and  terrestrial  forms  in  the  fossil  state :  Plesiosauri  or  Ichthyosauri,  Elephas  Columbi, 
Cervus  Americanus,  alligator,  turtle,  bivalve  casts,  barnacles,  trilobites,  sharks'  teeth, 
boars'  teeth,  and  various  other  teetli  and  vertebrse. 

"There  are  at  least  3000  cubic  yards  of  bone-phosphate  of  lime  visible  here  above 
the  water-level,  worth,  after  grinding,  $21,000,  provided  the  analysis  sustains  the 
appearance  of  the  deposit. 

"  It  is  washed  nearly  free  from  sand.  The  amount  that  could  be  dredged  from  the 
bed  of  the  river  is  unknown,  but  it  extends  clear  across  the  river." 

I  examined  also  at  this  time  Horse  creek,  a  tributary  of  Peace 
river,  and  reported  the  deposits  to  exist  there,  as  well  as  the  whole 
of  Peace  river. 

"  Many  of  these  bars,"  I  wrote,  ''  are  composed  of  pure  bone  phosphate  of  lime, 
washed  up  by  the  current  and  separated  from  the  sand.  A  stratum  12  inches  thick 
will  give,  after  washing,  about  650  tons  per  acre,  worth  in  Charleston,  on  the  wharf, 

$6.00  per  ton As  far  as  now  known,  the  immediate  bed  of  Peace  river  is  the 

only  locality  in  Florida  where  any  phosphate  beds  exist 

"  In  conclusion  I  will  say  that  I  consider  this  discovery  of  great  commercial  value. 
The  phosphate  is  shown  not  to  be  too  deep  to  be  profitably  worked,  and  the  amount 
in  sight  in  the  eroded  beds  is  enough  to  work  for  many  years." 

The  analysis  sustained  my  opinion  as  to  its  commercial  value,  but 
the  party  to  whom  I  made  my  report  failed  to  realize  the  full  value 
of  the  deposit,  and  nothing  was  done.     Finding  they  did  not  propose 
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to  invest  in  it  in  an  adequate  amount,  I  wrote  to  several  other  par- 
ties, informing  them  of  the  discovery  without  disclosing  its  location. 
One  of  these  persons  was  Mr.  T.  S.  Morehead,  of  Pennsylvania,  a 
civil  and  mining  engineer,  and  at  one  titne  a  U.  S.  engineer  under 
me  on  the  works  in  Florida.  He  came  at  once  to  Florida  to  inves- 
tigate it,  but  at  that  time  I  was  still  employed  as  the  confidential 
engineer  of  the  parties  mentioned,  and  of  course  could  give  him  no 
information.  He  learned,  however,  from  the  assistants  in  my  office 
that  I  had  lately  been  at  work  on  Peace  river,  and  he  saw  the  speci- 
mens in  my  office.  Unknown  to  me  he  went  at  once  to  that  neigh- 
borhood, learned  at  Arcadia  in  what  localities  I  had  been  prospecting, 
and  going  over  the  same  ground,  found  the  deposits.  He  bought 
land  at  once,  and  commenced  the  first  working  of  pebble-phosphates 
in  the  State,  building  a  tramway  to  the  river,  and  making  the  first 
shipment  of  phosphate  from  Florida  to  Col.  George  R.  Scott,  fertil- 
izer manufacturer,  of  Atlanta,  Ga. 

Upon  the  foregoing  facts  I  think  I  can  honestly  maintain  my 
claim  to  be  the  original  discoverer  of  the  actual  workable  phosphate 
deposits  in  Florida,  and  the  further  claim  that  through  my  discovery 
and  persistent  advocacy  the  first  workings  were  inaugurated,  albeit 
without  any  pecuniary  advantage  to  myself. 

Additional  corroboration  might  be  had,  if  needed,  from  several 
other  persons,  well-known  residents  at  this  time  of  New  York,  Bos- 
ton, St.  Augustine  and  Jacksonville,  whom  I  endeavored,  without 
success,  to  interest  in  the  matter,  and  who  have  since  acknowledged 
to  me  their  regret  that  they  did  not  deem  my  discovery  a  safe  basis 
for  profitable  investment. 


CONTRIBUTION    TO    THE  EARLY  HISTORY   OF  THE  IN- 
DUSTRY OF  PHOSPHATE  OF  LIME  IN  THE  UNITED 

STATES. 

BY   WILLIAM  P.    BLAKE,   NEW   HAVEN,    CONN. 

(Baltimore  Meeting,  February,  1892.) 

The  late  Dr.  Ebenezer  Emmons  of  Albany,  one  of  the  geologists 
of  the  Survey  of  New  York  and  the  author  of  The  Taconic  System, 
brought  to  notice  as  early  as  1838*  a  peculiar  concretionary  and 
lamellar  form  of  phosphate  of  lime,  to  which  he  gave  the  name 
Eupyrchroite,  from  the  Greek  words  for  fire  and  color,  with  the  prefix 

*  Report  on  the  Geology  of  the  State  of  New  York,  4to.,  Albany. 


158  PHOSPHATE    OF    LIME    IN    THE    UNITED    STATES. 

indicating  excellence,  and  having  reference  in  this  case  to  the  beau- 
tiful green  phosphorescence  of  the  mineral  when  heated.  E.  S. 
Dana's  Text-Book  of  Mineralogy  (1882)  ment'xons  this  mineral  only 
in  the  appended  list  of  American  localities  (p.  455),  where  the 
apatite  of  Crown  Point  is  parenthetically  said  to  be  the  eupyr- 
chroite  of  Emmons.  Under  Apatite,  in  J.  D.  Dana's  Descriptive 
Mineralogy  (p.  532),  the  phosphorescent  behavior  of  ''some  varie- 
ties" is  noticed. 

Some  ten  or  twelve  years  later,  Dr.  Emmons  sought  to  utilize  the 
mineral  for  agriculture,  and  proposed  to  mine  it  and  sell  it  as  the 
foundation-ingredient  for  phosphatic  fertilizers.  The  coprolites  of 
England  were  then  exciting  considerable  attention  as  a  source  of 
phosphoric  acid,  and  the  eupyrchroite  appeared  to  offer  an  excel- 
lent substitute,  being  rich  in  phosphoric  acid.  Dr.  C.  T.  Jackson 
of  Boston  found  its  composition  to  be:  phosphoric  acid,  45.75  per 
cent. ;  lime,  49.94  ;  with  a  little  protoxide  of  iron,  chlorine,  and 
fluorine.*  Forbes,  in  England,  found  44.12  per  cent,  of  phosphoric 
acid,t  while  most  of  the  mineral  phosphates  of  lime  rarely  yield  over 
43  per  cent. 

The  eupyrchroite  was  found  at  the  plane  of  contact  of  a  dyke  of 
greenstone  intersecting  the  Laurentian  gneiss  of  the  hills  bordering 
Lake  Champlain,  a  short  distance  south  of  Crown  Point  village. 
Here,  about  the  year  1850,  Dr.  Emmons  commenced  operations  by 
quarrying  in  the  old  pit,  already  made  by  the  collectors  of  specimens, 
and  obtained  a  considerable  quantity  of  high-grade  phosphate.  The 
property  was  then  acquired  by  the  American  Phosphate  Company,  a 
New  York  incor{)oration,  with  Hon.  Silas  M.  Stillwellas  President. 
This  corporation  contracted  with  Samuel  Pinch,  a  .slate-miner  from 
Wales,  to  mine  6000  tons  of  the  mineral.  Capt.  Pinch  ivorked  very 
hard  all  one  winter  and  piled  up  some  6000  tons  of  a  greenchloritic 
rock,  in  which  there  was  only  a  small  quantity  of  available  phos- 
phate. There  was  much  disapjwintinent,  and,  so  far  as  I  am 
aware,  the  place  has  not  been  worked  since  then. 

The  attention  of  Dr.  Emmons  and  myself  had  in  the  meantime 
been  attracted  to  the  granular  red  mineral,  known  locally  as  "  red 
sand,"  spread  in  layers  through  a  large  portion  of  the  old  Sanford 
ore-bed  at  Moriah,  west  of  Port  Henry.  This  mineral  we  found 
to  be  apatite  in  small  hexagonal  crystals,  and  in  such  abundance 
and  so  closely  associated  and  mingled  with  the  grains  of  magnetite 
that  large  portions  of  the  ore-bed  were  avoided  as  too  lean  in  iron  for 

*  Amer.  Jour.  Science,  ii.,  xii.,  73.  f  ^/«*^-  ^lag.,  iv.,  xxix.,  340. 
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profitable  working.  There  were  also  large  quantities  of  lean  ore  in 
piles  at  the  sides  of  the  cart-roads  and  paths  to  and  from  the  various 
pits  and  openings  in  that  enormous  mass  of  iron-ore.  Acquirino- 
some  of  the  lots  into  which  the  ore-bed  was  divided,  and  taking 
leases  upon  others,  we  prepared  to  separate  the  iron-ore  from  the 
apatite  or  "red  sand,"  by  means  of  a  magnetic  separator,  constructed 
for  us  in  Vermont.  This  separator,  with  tlie  necessary  crushing 
machinery  and  a  steam-engine,  were  erected  by  the  writer  in  1852 
at  the  side  of  the  ore-bed.  The  operation  of  the  separator  was  not 
altogether  satisfactory  ;  the  dry  ore  after  crushing  was  receis^ed  upon 
a  broad  endless  belt,  made  of  leather,  by  which  it  was  carried  under 
the  revolving  cylinder  to  which  the  magnets  were  fixed.  The  prop- 
erty was  soon  after  purchased  by  the  American  Phosphate  Com- 
pany, and  attention  was  directed  by  this  company  to  the  iron-ore  as 
the  more  promising  and  profitable  branch  of  the  undertaking.  The 
greater  portion  of  the  ore-bed  was  secured,  and  large  quantities  of 
magnetic  iron-ore,  comparatively  free  from  apatite,  were  quarried  ; 
Ijut  the  red  sand  was  avoided  and  neglected. 

About  that  time  the  question  arose,  whether  the  deposits  of  apatite 
at  or  near  Burge.ss  in  Canada,  could  not  be  utilized  as  a  source  of 
phosphate  of  lime  for  fertilizing  purposes;  but  the  quantity  seemed 
to  be  too  small  and  uncertain  to  justify  the  attempt  to  mine  it. 

It  was  about  the  year  1851  that  efforts  were  made  by  Major  A.  C. 
Farrington  and  Col.  J.  L.  Curtis,  of  New  York,  to  utilize  the  mas- 
sive and  crystalline  apatite  found  associated  with  the  pyrrhotite 
(magnetic  iron  pyrites)  at  Hurdstown,  New  Jersey,  on  the  shores  of 
Lake  Hopatcong.  A  few  tons  of  this  were  quarried  out  and  some 
of  it  was  taken  to  Newark  for  experiment.  The  difficulty  of  con- 
verting it  into  soluble  phosphate,  corresponding  to  bone  phosphate, 
lessened  the  interest  in  it  and  impaired  its  value  so  that  the  effort  to 
introduce  it  was  soon  abandoned. 


ASSOCIATION   OF  APATITE   WITH  BEDS  OF  MAGNETITE. 

BY  AV.  P.  BLAKE,  NEW  HAVEN,  CONN. 

(Baltimore  Meeting,  Febrnarj',  1S92.) 

The  frequent  as.sociation  of  apatite  in  layers  in  the  midst  of  mag- 
netic iron-ore  is  highly  significant  of  a  stratified  and  organic  origin 
of  both  minerals.     Usually  the  phosphate  of  lime  is  more  abundant 
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towards  the  sides  af  the  iron-ore  bed  than  at  the  center,  where  the 
magnetite  may  be  entirely  free  of  apatite,  while  at  the  sides,  or  near 
the  planes  of  contact  of  the  iron-ore  with  the  country-rock,  apatite 
may  abound.  A  few  notable  examples  may  direct  atteution  to  this 
matter  and  result  in  a  great  extension  of  the  list  of  localities  of  such 
phosphatic  beds. 

The  Sanford  ore-bed,  to  which  reference  is  made  in  another 
paper  {ante,  p.  158),  one  of  the  largest  and  most  massive  of  the 
enormous  beds  of  iron-ore  in  northern  New  York,  carries  enor- 
mous quantities  of  apatite  in  thin  layers,  apparently  stratified,  or 
the  result  of  segregation,  and  this  apatite,  known  locally  as  "red 
sand,"  is  most  abundant  towards  the  confines  of  the  bed. 

Crystalline  apatite  may  also  be  found  in  the  outer  layers  of  the 
bed  of  ore  at  Iron  Mountain,  Missouri,  and  similarly  in  some  of 
the  enormous  beds  of  magnetite  in  southern  Utah.  It  occurs  also 
with  some  of  the  beds  of  iron-ore  in  northern  New  Jersey.  Dana 
cites  it  as  found  with  the  magnetite  of  the  Bryam  mine,  N.  J.,  and 
with  magnetic  iron  at  Mt.  Blagodat  in  the  Ural.  In  fact,  the  asso- 
ciation is  so  common  that  in  inspecting  beds  of  magnetite  in  the 
crystalline  rocks  the  apatite  may  be  confidently  looked  for  in  some 
part  of  the  bed.  We  all  know  the  difficulty  of  finding  ores  entirely 
free  of  phosphorus,  but  reference  is  here  made  especially  to  the 
occurrence  of  visible  grains,  crystals  and  masses  as  a  common  asso- 
ciate of  matjnetite. 


PHOSPHATE  CHEMISTRY  AS  IT  CONCERNS  THE  MINER. 

BY  THOMAS  M.    CHATARD,    WASHINGTON,   D.    C. 

(Baltimore  Meeting,  February,  1892.) 

Every  one  engaged  in  the  miniug  of  phosphates  is  well  aware 
that  the  price  he  gets  for  his  product  depends  upon  the  results  of 
chemical  analysis.  He  knows  that  the  value  rises  with  the  percent- 
age of  phosphoric  acid,  whether  stated  as  such  or  as  so-called  "  bone 
phosphate,"  and  that  deductions  are  made  for  certain  constituents, 
such  as  alumina  or  oxide  of  iron,  when  the  amount  of  these  exceeds 
certain  limits.  The  reason  for  these  deductions  is  but  vaguely  un- 
derstood by  many,  and  there  are  few  who  possess  the  special  knowl- 
edge required  to  form  a  competent  judgment,  either  as  to  the  reli- 
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ability  of  the  analysis  on  which  so  much  depends,  or  as  to  how  far 
and  in  what  manner  they  may  avail  themselves  of  chemical  inves- 
tigation to  aid  them  in  improving  the  quality  and  quantity  of  their 
output. 

The  acquisition  of  this  special  knowledge  is  by  no  means  easy, 
especially  for  the  busy  man  who  must  pick  it  up  as  best  he  may  and 
at  odd  times.  So  far  as  reading  can  aid,  there  are  two  books  readily 
accessible.  One  is  The  Nature  and  Origin  of  Deposits  of  Phosphate 
of  Lime,  by  R.  A.  F.  Penrose,  Jr.,  being  Bulletin  No.  46  of  the 
United  States  Geological  Survey,  which,  in  addition  to  its  own  valu- 
able matter,  contains  an  extensive  list  of  other  publications  on  the 
subject.  The  other  is  the  recently  published  Phosphates  of  America, 
by  Dr.  Francis  Wyatt,  which  gives  much  information  concerning  the 
mining,  preparation,  manufacture,  and  analysis  of  phosphates.  The 
remaining  phosphate  literature,  though  very  extensive  and  rapidly 
increasing,  is  rarely  in  such  shape  as  to  be  readily  available  to  any 
one  but  the  specialist.  This  is  particularly  the  case  with  the  descrip- 
tions of  analytical  methods,  which  are  often  vague  even  to  the  prac- 
ticed chemist;  and  the  proofs  of  the  value  of  which  are,  in  many 
cases,  quite  inadequate,  while  the  vigor  displayed  in  the  attack  and 
defence  of  views  and  methods  is  apt  to  confuse  the  non-professional 
reader.  Nevertheless,  whatever  knowledge  can  be  obtained  from 
books  will  be  found  of  value  when  the  advice  and  assistance  of  the 
chemist  is  sought. 

There  are  chemists  and  chemists ;  there  are  experts  and  pre- 
tenders ;  and  if  one  has  no  previous  knowledge  of  the  subject,  how 
can  one  distinguish  between  the  two,  and  how  can  one  weigh  the 
value  of  advice  or  work  ?  The  greater  the  knowledge  of  the  miners, 
the  more  frequent  and  exacting  will  be  their  demands  on  the  chem- 
ists, who,  in  turn,  will  be  stimulated  and  encouraged  to  make  them- 
selves— not  what  too  many  of  them  are,  mere  analysts,  but  what  they 
ought  to  be — chemical  .engineers,  having  a  practical  knowledge  and 
a  clear  comprehension  of  the  principles  and  details  of  technical 
operations  in  the  lines  in  which  they  profess  to  work.  One  hears 
much  complaint  among  chemists  that  practical  men  are  unwilling  to 
pay  a  fair  price  for  good  work,  and  do  not  appreciate  it  when  they 
get  it.  While  this  is  unfortunately  true  in  many  instances,  I  cannot 
but  think  that  it  is,  to  a  considerable  extent,  the  fault  of  the  chemists 
themselves.  When  called  upon  for  advice  as  to  the  proper  system 
and  appliances  for  carrying  out  a  given  piece  of  practical  work,  how 
many  of  them  are  really  capable  of  giving  a  reliable  opinion  based 
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upon  Aiots  and  figures  of  experience?     They  may  be  able  scientific 
men;  thev  may  be  accomplished  analysts;  but  of  industrial  opera- 
tions' they  have  but  the  vaguest  impressions,  on    which,  too  often, 
very  extensive  assertions  are  based.     It  cannot  be  too  strongly  in- 
sisted upon  that  those  who  desire  to  aid  in  the  development  of  chem- 
ical industry  should  make  themselves  chemical  engineers.     There  is 
the  science  "of  electricitv;  there  is  the  profession   of  the  electrical 
encrineer  ;  and  it  is  hardly  necessary  to  say  that  a  man  may  be  deeply 
leanied  in  the  sciences  of  geology,  chemistry,  mechanics,  and  heat, 
and  yet  have  no  claim   to   be  considered  a  mining  engineer.     The 
chemical  engineer,  as  distinguished  from  the  mere  analyst,  must  be 
able  and  ready  not  only  to  answer,  through  knowledge  and  investi- 
gation, the  questions  of  his  clients,  but  also  to  indicate  to  them  new 
Hne«  of  progress.     Such  a  man  educates  his  clients;  they,  in  turn, 
develop  iiim  ;  and  only  through  such  beneficial  mutual  reaction  can 
we  hope  to  reach   that   much  to   be  desired   time  when,  through  a 
proper  concert  of  action  among  miners  and  shippers  of  phosphate, 
as  urged  by  Dr.  Wyatt,  uniformity  in  analytical   methods  and  prac- 
tice shall  be  enforced. 

The  present  frequent  occurrence  of  widely  differing  results  be- 
tween chemists  working  upon  the  same  sample,  can  then,  in  great 
measure,  be  avoided,  and  the  consequent  vexatious  and  expensive 
disputes  and  lawsuits  be  prevented.  The  eighth  chapter  of  Dr. 
Wyatt's  book  shows  the  a.lvantages  to  be  gained  by  such  unitormity, 
and  if  all  who  are  interested  in  establishing  it  will  do  their  part,  the 
arrival  of  the  chemical  millenium  can  be  much  hastened. 

One  of  the  obstacles  is  that  there  are  different  ways  of  determin- 
incr  each  constituent  of  a  phosphate.  Each  method  has  its  defenders 
and  opponents,  and  each  chemist,  if  free  to  do  so,  will  prefer  to  use 
his  favorites,  which,  in  his  hands  at  least,  yield  results  which  satisfy 
him.  Now,  every  one  can  readily  understand  that  if  two  chemists, 
analyzing  the  same  sample,  use  different  methods,  the  results  may, 
and  probablv  will,  vary  widely.  It  is  not  so  well  known  that,  even 
when  they  use  the  same  general  methods,  the  results  may  differ  de- 
cidedly if  there  are  variations  in  the  practical  details  of  manipula- 
tion. The  operative  detail  is  very  often  the  essence  of  a  good  method, 
and  should,  when  published,  be  described  at  length,  especially  when 
intended  for  commercial  analysis.  No  method  should  be  adopted  for 
the  valuation  of  materials  which  has  not  already  met  with  general 
favor  after  undergoing  a  searching  ordeal  of  test  and  discussion  ;  and 
a  method  once  adopted  should  be  carried  out  to  the  letter.     Under 
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such  a  system  the  honest,  couseientious,  painstakinj^  worker  will  be 
appreciated. 

The  methods  which  have  been  used  for  the  chemical  work  of  the 
United  States  Geological  Survey  in  Florida  will  be  fully  described 
at  the  end  of  this  paper,  so  that  they  may  be  easily  followed  by  others, 
and  possible  errors  maybe  detected.  None  of  them  are  original.  I 
have  preferred,  for  the  reasons  given  above,  to  use  such  as  have  already 
attained  a  wide  acceptance  among  chemists.  Nor  have  any  very  im- 
portant modifications  been  introduced,  except  in  the  determination 
of  fluorine.  If  they  are  found  to  differ  greatly  from  those  advo- 
cated by  some  other  chemists,  they  are  offered  in  no  spirit  of  conten- 
tion or  criticism,  though  it  may  be  necessary,  here  and  there,  to  point 
out  these  differences  and  their  reasons.  What  we  need  are  accurate 
standards,  carefully  described  ;  and  such  I  have  tried  to  furnish. 
When  the  miner  can  see  for  himself  what  skill  and  labor  are  in- 
volved in  the  making  of  a  trustworthy  analysis,  he  ought  to  be 
willing  to  pay  a  ftiir  price  for  good  work. 

The  commercial  valuation  of  a  natural  phosphate  is  based  on  an 
analysis  showing  a  number  of  constituents,  only  one  of  which,  the 
phosphoric  acid,  has  any  value.  All  the  rest  are  either  useless  (like 
water  and  insoluble  matter,  which  merely  reduce  the  percentage  of 
phosphoric  acid)  or  hurtful  (like  carbonates,  which,  neutralizing 
their  equivalent  of  sulphuric  acid,  increase  the  cost  of  manufacture; 
or,  like  alumina  and  ferric  oxide,  which  not  only  "  revert"  a  portion 
of  the  "soluble"  phosphoric  acid,  but  also,  in  proportion  to  their 
amount,  tend  to  render  the  superphosphate  wet  and  unmauageable). 
Moreover,  the  amount  of  fluorine  may  be  of  great  importance,  since 
there  are  silicates  of  alumina  which,  otherwise  uuattacked  by  the 
sulphuric  acid,  are  decomposed  in  the  presence  of  fluorine,  the  other- 
wise inactive  alumina  assuming  an  obnoxious  form.  The  fluorine, 
being  apparently  a  constituent  of  the  phosphate,  cannot  be  removed 
by  the  miner,  but,  as  pointed  out  by  Dr.  Wyatt,  the  greater  part  of 
the  sand  and  clay  can  be  got  rid  of  by  careful  and  systematic  wash- 
ing; and  he  also  shows  effectively  the  need  and  advantages  of  a 
proper  chemical  control  of  mining  operations.  The  following  fig- 
ures, though  but  the  results  of  laboratory  experiments,  may  be  of 
interest  in  this  connection  : 

To  observe  the  effect  of  a  dry  concentration,  some  "rock-phos- 
phate" (No.  74,  Florida  collection)  was  crushed  and  passed  through 
a  10-mesh  sieve.     The   material  was  then  sifted  on  a  20-mesh  sieve, 


164     PHOSPHATE   CHEMISTRY    AS    IT    CONCERXS   THE    MINER. 

yielding  A  (coarser  than  20-me.sh)  64.62  per  cent.,  B  (finer)  35.38 
per  cent.     B  was  washed  in  a  sort  of  spitzkasten,  and  gave : 

Per  cent.        Per  cent. 
Bj  (coarsest),     ....     34.10     or     12.06  of  original  material. 
B^  (middle),      ....     15.00      "       5.31  " 

Bj  (finest),         ....     46.10      "      16.31  "  " 

Loss  in  suspended  matter,         .       4.80      "        1.70  "  " 

In  each  portion  the  insoluble  matter,  phosphoric  acid  and  the 
combined  weight  of  the  alumina  and  ferric  oxide  (equal  to  half  the 
weight  of  the  precipitated  phosphates)  were  determined  as  follows, 
the  phosphoric  acid  being  given  as  such,  and  also  calculated  into  its 
equivalent  of  calcium  phosphate  : 


Total  sample.     A 

B 

Bi 

B., 

B3 

Insoluble, 

.       5.85         .53 

8.56 

.51 

6.26 

14.53 

AljFeA. 

.       5.13       3.36 

6.32 

2.41 

3.54 

7.79 

P2O5,        .        . 

.     33.98     37.83 

32.60 

37.44 

34.69 

29.98 

CasPA,  .         . 

.     74.20     82.38 

71.18 

81.70 

75.75 

65.63 

Judging  from  the  percentage  of  AUFcoOg,  we  find  that,  by  a 
simple  mechanical  process  we  have  obtained  in  A,  Bj,  and  B^,  high- 
grade  phosphate  amounting  to  82  per  cent,  of  the  original  sample, 
while  Bj  contains  too  much  of  these  oxides  to  be  readily  salable. 

A  more  difficult  problem  is  illustrated  by  the  results  of  a  similar 
treatment  of  some  of  the  "  phosphatic  sand-rock  "  of  the  Itche- 
tucknee  region  in  Florida.  This  is  of  low-grade  in  phosphoric  acid, 
and  contains  much  fine  sand  and  clay;  and  a  test  was  made  to  see 
if  these  impurities  could  be  removed  by  the  same  operation  as  before. 
The  sample  yielded,  in  percentage.  A,  20.74 ;  B,  79.26  ;  and  B  con- 
sisted of  Bi,'37.83;  B2,  20.87;  B3,  17.75,  and  loss,  2.81.  Analysis 
gave: 

Total  sample.      A 
Insoluble,         .         .         .     34.77     18.13 
AljFeA         •         •         •       7.09       6.53 
P2O5,        ....     24.08     30.49 
CagPA 52.49     65,46 

Evidently,  we  have  here  a  substance  very  different  from  the  pre- 
ceding one.  The  first  is  a  metamorphosed  rock ;  the  second,  the 
product  of  a  sedimentation,  by  which  the  phosphate,  sand  and  clay 
have  been  so  intiinately  mixed  that  it  will  be  difficult  to  devise  a 
concentration-method  which  will  furnish  a  phosphate  suitable  for  the 
fertilizer-trade. 

A  third  example  is  the  "  land-pebble,"  with  its  matrix,  from  the 


B 

Bi 

B. 

B3 

44.19 

62.55 

38.11 

10.50 

7.70 

2.96 

7.97 

15.57 

20.36 

13.75 

25.02 

31.90 

43.38 

29.97 

54.-54 

69.54 
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vicinity  of  Bartow,  Florida.  A  sample  disintegrated  witii  water, 
without  crushing,  and  thorougly  washed  in  a  20-mesh  sieve,  gave 
"  pebble  "  54.54,  "  matrix  "  45.46  per  cent.  The  analytical  results 
of  present  interest  are  : 

Pebble.  Matrix. 

Insoluble, 4.34  49.78 

Al2Fe203 4.05  9.38 

P2O5, 34.72  13.58 

Ca^PA, 75.69  29.60 

These  figures  show  that  simple  washing  on  sieves,  down  to  20- 
mesh,  is  the  best  way  to  handle  this  material.  Possibly,  by  washing 
the  matrix  further,  on  a  40-mesh  sieve,  a  coarse  product  of  some 
value  might  have  been  obtained  ;  but  the  practical  limit  has  probably 
been  reached  as  above. 

It  would  be  easy  for  any  one  desiring  to  make  such  investigations 
to  construct  simple  washing  apparatus  capable  of  treating  large  sam- 
ples. The  different  grades  of  product  should  be  dried  and  sampled, 
and  the  samples  should  be  sent  to  a  chemist  for  analysis.  In  many 
attempts  to  devise  some  simple  apparatus  for  approximate  determi- 
nation of  the  phosphoric  acid,  at  least,  without  special  laboratory 
facilities,  I  have  met  with  no  success.  The  measurement  of  the 
volume  of  the  yellow  molybdate  precipitate  has  been  often  proposed 
as  a  means  of  rapid  estimation  of  phosphoric  acid ;  but  numerous 
series  of  experiments,  by  myself  and  others,  have  shown  that  the 
information  thus  gained  is  but  little  more  accurate  than  the  estimate 
formed  upon  inspection  by  the  practiced  eye  of  the  miner. 

The  Analysis  of  a  Natural  Phosphate. 

The  sample  should  be  ground  fine  enough  to  leave  no  residue  on 
an  80-mesh  sieve,  and  should  be  thoroughly  mixed  by  passing  it 
three  times  through  a  40-mesh  sieve. 

Moisture. — Two  grammes  are  weighed  into  a  tared  platinum  cru- 
cible. This,  with  its  lid,  is  placed  in  an  air-bath  at  105°  C,  and 
heated  for  at  least  three  hours.  The  lid  is  then  put  on,  and  the  cru- 
cible is  placed  in  a  desiccator  and  weighed  as  soon  as  cold.  The  loss 
ia  weight  is  the  moisture. 

Combined  Water  and  Organic  Matter. — The  residue  from  the 
moisture-determination  is  gradually  heated  to  full  redness  over  a 
Bunsen  lamp,  and  then  ignited  over  the  blast-lamp.  This  operation 
is  repeated  after  weighing  until  a  constant  weight  is  obtained.  The 
loss  (after  deducting  the  percentage  of  carbonic  acid   as  found  in 
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another  portion)  may  be  taken  as  water  and  organic  matter.  This 
method  is  sufficient  for  all  practical  purposes;  but  when  minerals 
containing  fluorine  are  strongly  ignited,  a  part  of  the  fluorine  is  ex- 
pelled ;  hence,  if  more  accurate  determinations  are  required,  the 
methods  given  in  the  standard  works  on  analysis  may  be  used. 

Carbonic  Acid. — ]Many  forms  of  compact  apparatus  have  been 
devised  for  this  estimation,  but  none  of  them  are  satisfactory  if  accu- 
rate results  are  desired.  Not  to  mention  other  objections,  many  phos- 
phates must  be  heated  nearly  to  boiling-point  with  dilute  acid  to 
effect  complete  decomposition  of  the  carbonates.  The  distillation- 
method,  described  by  Gooch  (Bulletin  No.  47,  United  States  Geo- 
logical Survey),  is  excellent,  and  when  once  the  apparatus  is  set  up, 
its  work  will  be  found  to  be  rapid  and  satisfactory. 

Insoluble  Matter,  Phosphoric  Acid,  Alumina,  Fernc  Oxide,  Lime, 
and  Magnesia. — Five  grammes  of  the  phosphate  are  put  into  a 
beaker;  25  c.c.  nitric  acid  (specific  gravity  1.20)  and  12.5  c.c,  hy- 
drochloric acid  (specific  gravity  1.12)  are  added;  and  the  beaker, 
covered  with  a  watch  glass,  is  placed  upon  the  water-bath  for  thirty 
minutes.  The  contents  of  the  beaker  are  well  stirred  from  time  to 
time,  and  at  the  end  of  the  period  the  beaker  is  removed  from  the 
bath,  filled  with  cold  water,  well  stirred,  and  allowed  to  settle.  The 
solution  is  next  filtered  into  a  500  c.c.  flask,  and  the  residue  is  thor- 
oughly washed  with  cold  water,  partially  dried,  and  then  ignited 
(finishing  with  the  blast-lamp)  and  brought  to  constant  weight.  The 
figures  thus  obtained  will,  however,  be  incorrect,  because  the  fluorine 
liberated  during  the  solution  of  the  phosphate  dissolves  a  portion  of 
the  silica.  Hence,  the  results  are  too  low.  Nevertheless,  as  the 
same  reaction  would  occur  in  the  manufacture  of  a  superphosphate 
from  the  material,  the  determination  may  be  considered  as  a  fair 
approximation  to  commercial  practice.  The  ignited  residue  must  be 
tested  for  Vf>^. 

The  flask  containing  the  filtrate  is  tilled  up  to  the  mark  with  cold 
water,  and  the  solution  is  thoroughly  mixed  by  twice  pouring  into  a 
dry  beaker  and  returning  it  to  the  flask.  Cold  water — not  hot  water, 
as  recommended  by  Dr.  Wyatt — is  used  for  washing  the  residue, 
since  if  hot  water  is  used,  the  sesquichlorides  are  apt  to  become  basic 
and  insoluble,  and  hence  to  remain  in  the  residue  and  filter-paper. 
Besides,  as  the  flask  is  to  be  filled  to  the  mark,  the  contents  must  be 
cold  before  any  volumetric  measurements  can  be  made. 

Phosphoric  Acid. — Two  portions  of  the  solution,  50  c.c.  each  ;= 
.5000  gramme  of  original  material,  are  put  into  beakers  and  evapor- 
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ated  until,  all  the  hydrochloric  acid  is  driv^en  off.  (Although  it  is 
asserted  that  a  moderate  amount  of  this  acid  does  not  interfere  with 
this  determination,  I  prefer  to  be  sure  of  its  absence.)  Then  150 
c.c.  of  molybdate  solution  are  added  to  each  portion,  which  is  well 
stirred  and  allowed  to  stand  on  the  water-bath  until  quite  hot;  then 
removed  and  allowed  to  stand  until  perfectly  cold.  It  is  best  to  let 
it  stand  for  at  least  three  hours,  after  which  the  yellow  precipitate  is 
filtered  and  well  washed  with  a  20  per  cent,  solution  of  ammonium 
nitrate,  containing  ^  of  its  volume  of  nitric  acid  (which  I  prefer  to 
use,  although  the  precipitate  is  considered,  on  good  authority,  to  be 
insoluble  in  cold  water).  The  filtrate  should  be  tested  for  any  re- 
maining P2O5  by  adding  some  molybdate  solution  and  digesting  it 
for  some  time.  The  funnel,  with  its  contents,  is  now  inclined  over 
the  beaker  in  which  the  precipitation  was  effected,  and  the  precipitate 
is  washed  back  into  it  with  a  jet  of  pure  water.  Aramojiia  water 
in  slight  excess  is  then  added,  and  on  gently  warming  the  beaker 
complete  solution  should  take  place.  Any  residue  indicates  either 
incomplete  washing  or,  under  some  circumstances,  silica.  The  solu- 
tion is  filtered  through  the  same  filter  into  a  clean  beaker,  and  the 
first  beaker  and  the  filter  are  washed  with  ammonia  wash- water  (1 
part  strong  ammonia  to  4  parts  water).  .  The  filtrate  is  now  brought 
to  a  boil  and  removed  from  the  lamp,  and  magnesia  solution  is 
added,  drop  by  drop,  with  continual  stirring.  The  precipitate  at  first 
redissolves,  but  during  the  continued  addition  of  the  magnesia  the 
solution  becomes  cloudy  with  a  flocculent  precipitate,  which,  how- 
ever, as  the  stirring  is  continued,  becomes  crystalline  and  subsides 
rapidly.  When  further  addition  of  the  precipitant  causes  no  cloudi- 
ness, and  the  crystalline  change  is  complete  (which  is  most  im- 
portant), the  beaker  is  placed  in  very  cold  water  to  chill  its  contents 
as  rapidly  as  possible.  When  perfectly  cold,  it  is  again  tested  with 
a  drop  of  magnesia  solution,  and,  if  the  precipitation  is  found  to  be 
complete,  about  one-third  of  its  volume  of  strong  ammonia  is  added, 
the  whole  stirred  and  allowed  to  stand  at  least  three  hours  (although 
I  have  had  perfectly  good  results  after  the  lapse  of  not  more  than 
one  hour). 

The  precipitate  is  finally  filtered  on  an  asbestos  felt*  in  a  Gooch 
perforated  crucible,  and  washed  with  the  1  :  3  ammonia-water.  As 
the  removal  of  the  precipitate  from  the  sides  of  the  beaker  requires 
much  rubbing  and  much  wash-water,  the  \yashing  will  be  complete 

*  Gooch,  Am.  Chem.  Jour.,  vol.  i.,  p.  317i 


168     PHOSPHATE    CHEMISTRY    AS    IT    CONCERNS   THE    MINER. 

as  soon  as  the  beaker  is  clean.  Two  or  three  drops  of  a  strong  solu- 
tion of  ammonium  nitrate  are  poured  on  the  precipitate,  which  is 
then  carefully  dried  and  gently  heated  until  the  fumes  of  ammonium 
salts  cease  to  come  off.  The  heat  is  then  increased,  and  as  soon  as 
the  glow  of  the  pyrophosphate  formation  has  passed  through  the 
whole  of  the  precipitate,  the  crucible  is  placed  in  a  desiccator  and, 
when  cold,  weighed.  The  ignited  precipitate  is  very  white,  and  the 
difference  between  the  two  determinations  of  PgOg  ought  not  to  ex- 
ceed .05  per  cent,  for  thoroughly  satisfactory  work,  although,  as 
shown  in  the  column  of  analytical  results  at  the  end  of  this  paper, 
it  sometimes  exceeds  this  limit,  since,  as  but  one  half-gramme  is 
used  for  each  determination,  any  error  is  doubled  in  the  final  calcu- 
lation. 

In  default  of  a  Gooch  crucible,  the  ammonium  magnesium  phos- 
phate should  be  filtered  on  paper,  and,  after  washing,  dissolved  in 
dilute  nitric  acid,  evaporated  in  a  platinum  crucible  to  complete 
dryness,  carefully  ignited  and  weighed.  A  clean  mass  is  thus  ob- 
tained, while,  on  the  other  hand,  if  the  precipitate  be  ignited  with 
the  paper,  it  is  difficult  to  destroy  the  carbon. 

Lirae,  Alumina  and  Ferric  Oxide. — The  Glaser  method  for  alumina 
and  ferric  oxide  was  used  in  the  earlier  part  of  the  work  here  de- 
scribed, but  later  the  method  as  improved  by  R.  Jones  {Zeitschrift  j. 
Angew.  Chemie,  1891,  Heft  I.)  was  adopted  and  has  been  found  en- 
tirely satisfactory.     As  I  use  it,  the  process  is  as  follows : 

Lime. — One  hundred  centimeters  of  the  solution  (containing  1 
gramme  of  the  original  substance)  are  evaporated  in  a  beaker  to 
about  50  c.c. ;  10  c.c.  of  dilute  sulphuric  acid  (1  c.c.  HgSO^  diluted 
to  5)  are  added ;  and  the  evaporation  is  continued  on  the  water-bath 
until  a  considerable  crop  of  crystals  of  gypsum  has  formed.  The 
solution  is  then  allowed  to  cool,  when  it  generally  becomes  pasty, 
owing  to  the  separation  of  additional  gypsum.  When  it  is  cold,  150 
c.c.  of  95  per  cent,  alcohol  are  slowly  added,  with  continual  stirring, 
and  the  whole  is  allowed  to  stand  for  three  hours,  being  stirred  from 
time  to  time.  After  three  hours  it  is  filtered,  with  the  aid  of  a  filter- 
pump,  into  a  distillation-flask,  and  the  beautifully  crystalline  pre- 
cipitate, which  does  not  adhere  to  the  beaker,  is  washed  with  95  per 
cent,  alcohol.  The  filter,  with  the  precipitate,  is  gently  removed 
from  the  funnel  and  inverted  into  a  platinum  crucible,  so  that,  by 
squeezing  the  point  of  the  filter,  the  precipitate  is  made  to  fall  into 
the  crucible,  and  the  paper  can  be  pressed  down  smoothly  upon  it. 
On  gentle  heating  of  the  crucible,  the  remaining  alcohol  burns  off, 


PHOSPHATE    CHEMISTRY    AS    IT    CONCERNS    THE    MIXER.     169 

and  when  the  paper  has  been  completely  destroyed,  the  heat  is  raised 
to  the  full  power  of  a  Bunsen  lamp  for  about  five  minutes,  after 
whicii  the  crucible  can  be  cooled  and  weighed.  The  precipitate  is 
then  CaSO^,  and  the  results  are  very  close,  a  pair  of  determinations 
of  CaO  (calculated  from  the  CaSOJ  rarely  differing  more  than  .05 
per  cent.,  as  will  be  seen  below. 

Alumina  and  Ferric  Oxide. — The  distillation-flask  containing  the 
alcoholic  filtrate  is  connected  with  its  condenser  and  heated  on  a 
water-bath  until  no  more  alcohol  comes  over.  This  distillate,  if 
mixed  with  a  little  sodium  carbonate  and  redistilled  over  quicklime, 
can  be  used  over  and  over  again,  so  that  the  expense  for  alcohol  is 
really  very  slight,  while  in  the  use  of  the  Glaser  method,  with  its 
large  amount  of  sulphuric  acid,  all  the  alcohol  is  lost. 

When  the  distillation  is  ended,  the  residue  in  the  flask  is  washed 
into  a  small  platinum  dish  and  evaporated  as  far  as  possible  on  the 
water-bath.  It  will  become  dark-brown,  owing  to  the  presence  of 
organic  matter,  which  must  be  destroyed,  since  it  prevents  the  com- 
plete precipitation  of  the  phosphate  in  the  subsequent  operation. 
This  destruction  of  the  organic  matter  is  best  affected,  according  to 
my  experience,  by  removing  the  dish  from  the  bath,  adding  a  small 
quantity  of  pure  sodium  nitrate  and  heating  very  carefully  over  the 
naked  flame,  while  keeping  the  dish  well  covered  with  a  watch-glass. 
If  care  be  taken,  there  will  be  no  loss  by  spattering;  and  the  mass 
fuses  to  a  colorless,  viscous  liquid,  cooling  to  a  glass,  which  is  readily 
soluble  in  hot  water  made  acid  with  nitric  acid. 

The  solution,  transferred  to  a  beaker,  is  made  slightly  (but  dis- 
tinctly) alkaline  with  ammonia;  then  carefully  neutralized  with 
acetic  acid  ;  then  diluted  with  hot  water,  brought  to  the  boil,  allowed 
to  settle  and  filtered.  After  the  precipitate,  which  does  not  adhere 
to  the  beaker,  has  been  completely  brought  upon  the  filter  by  means 
of  hot  water,  the  washing  is  completed  with  a  solution  of  ammonium 
nitrate  (made  by  neutralizing  5  c.c.  IINO3  with  ammonia  and  dilut- 
ing to  250  c.c),  and  the  precipitate  is  dried,  ignited  at  full  lamp- 
heat,  cooled  and  weighed.  As  the  determinations  are  made  in  pairs, 
one  portion  is  used  for  the  estimation  of  the  phosphoric  acid  by  fusing 
it  with  a  little  sodium  carbonate,  dissolving^  in  dilute  nitric  acid  and 
treating  with  molybdate  solution  as  already  described,  while  the 
other  portion,  also  fused  with  sodium  carbonate,  is  dissolved  with 
sulphuric  acid,  and  the  iron  is  reduced  and  titrated  with  permanga- 
nate. • 

The  average  of  the  results  by  this  method  will  show  that  the 
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weights  of  the  two  portions  of  the  aluminum  ferric  phosphate  (usu- 
ally symbolized  alfe)  should  not  differ  more  than  1  milligramme, 
which,  upon  the  conventional  division  by  2,  gives  a  difference  of 
.05  per  cent,  for  the  combined  oxides ;  but,  in  general  work,  if  the 
results  for  the  combined  oxides  do  not  vary  more  than  one-tenth  of 
1  per  cent.,  the  method  ought  to  be  considered  very  satisfactory,  since 
it  is  easy  to  execute,  and  requires  but  little  time  in  actual  labor. 

Magnesia. — The  filtrate  from  the  alfe  is  evaporated  to  a  small 
bulk,  made  strongly  ammoniacal,  and  allowed  to  stand  ;  when  mag- 
nesia, if  present,  will  separate  as  the  double  salt,  and  should  be 
treated  as  usual.  If,  during  the  evaporation  of  the  filtrate  (which 
should  be  perfectly  clear  at  first)  any  flocculeut  matter  separates,  this 
should  be  filtered  off  and  examined  before  precipitating  the  mag- 
nesia. 

Fluorine. — Two  grammes  of  the  phosphate  are  intimately  mixed 
in  a  large  platinum  crucible  with  3  grammes  of  precipitated  silica 
and  12  grammes  of  pure  sodium  carbonate,  and  the  mixture  is  gradu- 
ally brought  to  clear  fusion  over  the  blast-lamp.  When  the  fusion 
is  complete,  the  melt  is  spread  over  the  walls  of  the  crucible,  which 
is  then  rapidly  cooled  (preferably  by  the  blast  of  air).  If  this  has  been 
properly  done,  the  mass  separates  easily  from  the  crucible,  and  the 
subsequent  leaching  is  hastened.  The  mass,  detached  from  the  cru- 
cible, is  put  into  a  platinum  dish,  into  which  whatever  remains  ad- 
hering to  the  crucible,  or  its  lid,  is  also  washed  with  hot  water.  A 
reasonable  amount  of  hot  water  is  now  })ut  into  the  dish,  which  is 
covered  and  digested  on  the  water-bath  until  the  mass  is  thoroughly 
disintegrated.  To  hasten  this,  the  supernatant  liquid  may  after 
awhile  be  poured  off,  the  residue  being  washed  into  a  small  porcelain 
mortar,  ground  up,  returned  to  the  dish  and  boiled  with  fresh  water 
until  no  hard  grains  are  left.  The  total  liquid  is  then  filtered,  and 
the  residue  is  washed  with  hot  water.  The  filtrate  (wdiich  should 
amount  to  about  500  c.c.)  is  nearly  neutralized  with  nitric  acid  (me- 
thyl orange  being  used  as  indicator),  some  pure  sodium  bicarbonate 
is  at  once  added,  and  the  solution  (in  a  platinum  dish,  if  one  large 
enough  is  at  disposal,  otherwise  in  a  beaker),  is  placed  on  the  water- 
bath,  when  it  speedily  becomes  turbid  through  separation  of  silica. 
As  soon  as  the  solution  is  warm  it  is  removed  from  the  bath,  stirred, 
allowed  to  stand  for  two  or  three  hours,  and  then  filtered  by  means 
of  the  filter-pump  and  cold  wa^h-water. 

The  filtrate  is  concentrated  to  about  250  c.c,  and  nearly  neutral- 
ized, as  before ;  some  sodium  carbonate  is  added  ;  and  the  phosphoric 
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acid  is  precipitated  with  silver  nitrate  in  excess.  The  precipitate  is 
filtered  off  and  washed  with  hot  water,  and  the  excess  of  silver  in 
the  filtrate  is  removed  with  sodium  chloride.  The  filtrate  from  the 
silver  chloride  (after  addition  of  some  sodium  bicarbonate)  is  evap- 
orated to  its  crystallizing  })oint,  then  cooled  and  diluted  with  cold 
water  ;  still  more  sodium  bicarbonate  is  added,  and  the  whole  is 
allowed  to  stand,  when  additional  silica  will  separate  and  is  to  be 
filtered  off. 

This  final  solution  is  nearly  neutralized,  as  before;  a  little  sodium 
carbonate  solution  is  added;  it  is  heated  to  boiling,  and  an  excess  of 
solution  of  calcium  chloride  is  added.  The  precipitate  of  calcium 
fluoride  and  carbonate  must  be  boiled  for  a  few  minutes,  when  it  can 
be  easily  filtered  and  washed  with  hot  water.  The  washed  precipi- 
tate is  then  washed  from  the  filter  into  a  small  platinum  dish  and 
evaporated  to  dryness,  while  the  filter,  after  being  partially  dried 
and  used  to  wipe  off  any  particles  of  the  precipitate  adhering  to  the 
dish  in  which  it  was  formed,  is  burned,  and  the  ash  is  added  to  the 
main  precipitate.  This,  when  dry,  is  ignited,  and  allowed  to  cool ; 
dilute  acetic  acid  is  added  in  excess,  and  the  whole  is  evaporated  to 
dryness,  being  kept  on  the  water-bath  until  all  odor  of  acetic  acid 
has  disaj)peared.  The  residue  is  then  treated  with  hot  water,  di- 
gested, filtered  on  a  small  filter,  washed  with  hot  water,  partially 
dried,  put  into  a  crucible,  carefully  ignited  and  weighed  as  CaFlj. 
The  CaFla  is  then  dissolved  in  H2SO4  by  gentle  heating  and  agita- 
tion, evaporated  to  dryness  on  a  radiator,  ignited  at  full  red  heat  and 
weighed  as  CaSO^.  From  this  weight  the  equivalent  weight  of 
CaFl,  should  be  calculated,  and  should  be  very  close  to  that  actually 
found  as  above,  but  should  never  exceed  it.  The  difference,  which 
is  generally  about  a  milligramme  (sometimes  more),  is  due  to  silica 
precipitated  with  the  fluoride.  The  percentage  of  fluorine  is,  there- 
fore, always  calculated  from  the  weight  of  the  sulphate,  and  not  from 
that  of  the  original  fluoride. 

The  main  improvements  in  this  method  are  the  use  of  sodium 
bicarbonate  to  separate  the  silica,  and  the  keeping  of  the  earlier  so- 
lutions as  dilute  as  possible,  which  cannot  be  done  if  ammonium 
carbonate  is  used  for  the  separation  of  the  silica.  These  changes 
make  the  fluorine  estimation,  although  still  tedious,  far  more  rapid 
than  before,  and  the  results  are  very  satisfactory. 

The  following  are  the  results  obtained  by  these  methods  in  the 
analysis  of  the  last  twelve  samples  examined.  In  these  cases  the 
methods,  as  given  above,  have  been  followed  in  all  their  details,  and 
the  figures  are  fairly  representative  : 
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Sample  No. 

Alfe 

2 

Per  cent. 

CaO 
Per  cent. 

P2O5 
Per  cent. 

Fl. 

Per  cent. 

55 

2.30-2.28 

50.99-50.63 

35.37-35.33 

2.66- 

111 

4.20-4.19 

47.04-46.99 

33.91-33.90 

2.35-2.24 

99 

2.50-2.62 

52.01-52.02 

38.78-38.79 

- 

•96 

4.23-4  22 

50.09-50.07 

38.82-38.86 

2.46-2.45 

98 

7.93-7.79 

44.04-44.05 

35.28-35.10 

2.55-2.59 

1 

2.54-2.49 

33.10-33.03 

21.05-21.06 

3.17- 

63 

.46-  .48 

54.46-54.42 

37.70-37.77 

3.0S-3.00 

940 

3.15-3.19 

46.06-46.00 

31.49-31.51 

1.87-1  86 

950 

2.20-2.16 

45.69-45.68 

28.49-28.45 

2.45-2.54 

947 

3.47-3.55 

42.74-42.81 

28.33-28.38 

2.48-2.41 

937a 

4.05-4.06 

47.96-47.94 

34.77-34.67 

2.72-2.73 

937b 

9.39-9.37 

15.95-15.89 

13.55-13.61 

.88- 

Discussion. 

Dr.  Francis  Wyatt,  Xew  York  city  (Communication  to  the 
Secretary):  We  all  owe  our  warmest  thanks  to  my  friend  Dr. 
Chatard  for  his  excellent  paper;  but  I  cannot  help  feeling  that  I 
am  personally  his  greatest  debtor  for  the  completeness  with  which  he 
has  emphasized  the  opinions  and  conclusions  recently  formulated  in 
my  Phosphates  of  America. 

I  notice,  however,  with  regret,  that  in  dealing  with  the  estimation 
of  fluorine.  Dr.  Chatard  has  so  considerably  elaborated  the  method 
of  my  selection  as  to  deprive  it  of  the  simplicity  and  despatch  which 
I  regard  as  its  chief  claims  for  universal  adoption. 

A  chief  purpose  of  the  thoughtful  investigator  in  analytical  chem- 
istry should  be,  in  my  judgment,  to  simplify  complex  processes,  and 
thereby  render  them  entirely  intelligible  to  the  average  laboratory- 
assistant.  This  opinion  is  not  a  mere  generalization  from  abstract 
principles,  but  the  result  of  careful  observation  during  a  varied  ex- 
perience in  commercial  and  industrial  laboratories. 

It  may  be  that  in  some  of  the  larger  manufacturing  establish- 
ments, where  only  first-class  (and  consequently  high-priced)  men  are 
employed,  there  is  no  serious  objection  to  intricate  analytical  schemes 
involving  skilful  manipulation  and  the  exercise  of  uncommon  in- 
telligence ;  but  it  is  my  contention  that  the  ordinary  operator  does 
not  come  within  this  category,  and  that  he  is  not  to  be  trusted  (and, 
I  will  go  so  far  as  to  say,  should  not  be  expected)  to  work  out  such 
schemes  correctly.  Consequently,  the  director  of  a  commercial 
laboratory  should  make  a  minute  investigation  of  all  its  analytical 
processes  for  the  express  object  of  pruning  away  useless  details,  and 
thus  reducing  each  method  to  its  simplest  expression, — a  sort  of  sci- 
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entific  "  rule  of  thumb"  basis, — requiring  from  his  assistants  no 
more  than  ordinary  aptitude  and  care.  When  the  lines  of  a  general 
analytical  scheme  have  been  thus  once  laid  down,  their  rigid  observ- 
ance by  the  entire  staff  should  be  insisted  upon.  In  this  way  con- 
stantly accurate  results,  with  no  fear  of  the  discrepancies  that 
usually  attend  all  changes  in  personnel,  may  be  reasonably  se- 
cured. 

In  the  analysis  of  mineral  phosphates,  I  may  claim  the  credit  of 
having  insisted  always  upon  the  estimation  of  fluorine  as  one  of  the 
essential  features  in  the  results.  In  fact,  however,  this  element, 
notwithstanding  its  importance,  is  rarely,  if  ever,  determined  in 
commercial  practice.  The  main  reason,  in  my  opinion,  is  none 
other  than  the  embarrassing  tediousness  of  the  methods  hitherto 
prescribed  for  this  determination.  Let  these  methods  give  place  to 
others,  equally  or  sufficiently  exact,  while  more  direct  and  practical, 
and  fluorine  will  at  once  appear  in  all  commercial  chemists'  certifi- 
cates. Hence  my  desire  for  simplification,  and  my  deprecation  of 
all  elaboration,  that  may  possibly  be  valuable  to  a  selected  few, 
but  will  bring  nothing  but  confusion  to  the  large  majority;  and 
hence  the  following  practical  modification  of  Dr.  Chatard's  scheme, 
which  I  submit  without  further  explanation,  and  which  I  am  con- 
vinced needs  only  to  be  tried  in  order  to  come  into  general  popu- 
larity. 

Five  grammes  of  the  finely  ground  phosphate  are  fused  in  a  pla- 
tinum dish  with  15  grammes  of  the  mixed  carbonates  of  sodium  and 
potassium,  and  3  grammes  of  fine  sand.  After  fusing  very  thor- 
oughly with  a  strong  heat  for  a  quarter  of  an  hour,  the  dish  is 
removed  from  the  fire  and  cooled  down.  Its  contents,  dissolved 
in  hot  water,  are  then  put  into  a  500  c.c.  flask,  and  a  considerable 
excess  of  carbonate  of  ammonia  is  added  to  the  liquid.  All  the 
soluble  silica  falls  out  of  solution,  and  the  flask,  after  cooling,  is 
made  up  to  the  mark  with  distilled  water,  well  shaken,  and  then  set 
aside  for  twenty-four  hours  to  settle.  At  the  end  of  this  time,  200 
c.c.  are  carefully  decanted  off"  through  a  filter  ;  the  filter  is  well 
washed ;  and  the  filtrate,  after  being  nearly  neutralized  with  hydro- 
chloric acid,  is  treated  with  an  excess  of  calcium  chloride  solution. 

The  precipitate,  consisting  of  phosphate,  fluoride,  and  some  carbo- 
nate of  lime,  is  allowed  to  settle,  and  is  then  carefully  washed  with 
boiling-water,  first  by  decantation  several  times,  and  finally  on  the 
filter.  After  being  properly  dried  in  the  gas-oven,  calcined,  and 
cooled,  the  residue  is  treated  with  acetic  acid,  placed  upon  the  water 
bath,  and  evaporated  to  complete  dryness. 


174     PHOSPHATE   CHEMISTRY   AS    IT    CONCERNS    THE    MINER. 

The  acetate  of  lime  is  now  well  washed  out  by  sev'eral  treatments 
with  boiling-water,  and  the  residue  is  brought  upon  a  filter,  dried, 
calcined,  and  weighed.  The  weight  represents  the  phosphate  and 
fluoride  of  lime  contained  in  2  grammes  of  the  original  sample;  and 
if  the  phosj)hate  of  lime  be  determined  in  the  residue,  according  to 
Dr.  Chatard's  or  ray  own  method,  the  difference  will  be  fluoride  of 
lime,  and  may  be  thus  estimated  : 

Assuming  the  calcined  residue  of  phosphate  and  fluoride  of  lime 
in  2  grammes  of  the  original  sample  to  have  amounted  to  1.600 
grammes,  and  the  phosphate  of  lime  in  this  quantity  to  have  been 
determined  as  1.540  grammes,  the  fluoride  of  lime  is  thus  proved  to 
be  0.060  grammes,  and,  therefore,  2  :  0.060  : :  100  :  x  =  3  per  cent, 
calcium  fluoride  (CaFlg),  which,  multiplied  by  0.4897,  gives  1.46  per 
cent,  of  fluorine. 

Dr.  Chatard  :  Dr.  Wyatt  says  {Phosphates  of  America,  p.  150), 
"The  chief  points  required  of  a  method  for  practical  work  are:  that 
it  should  be  accurate,  that  it  should  be  easy  and  rapid,  and  finally, 
that  it  should  be  economical."  The  process  for  the  estimation  of 
fluorine  which  he  proposes  fails,  in  my  experience,  to  possess  these 
requisites.  In  comparison  with  the  Berzelius  method,  as  I  have 
described  it,  his  process  is  not  economical  in  labor  or  reagents,  is 
much  more  complicated,  and  requires  far  more  time  to  obtain 
results. 

The  proportions  of  phosphate,  sand,  and  carbonate  which  he 
recommends,  form  a  mass  which,  at  the  highest  heat  of  the  blast- 
lamp,  becomes  merely  viscous,  and  disintegrates  very  slowly  when 
treated  with  hot  water.  Without  liquid  fusion,  the  decomposition 
can  hardly  be  so  complete  that  all  of  the  phosphoric  acid  and  fluorine 
are  converted  into  soluble  compounds.  Moreover,  the  proportion  of 
sand  is,  for  most  cases,  too  small  to  effect  the  desired  result.  If, 
however,  a  sufficient  amount  has  been  taken,  some  of  it  will  pass 
into  the  solution  and  must  be  removed  before  the  calcium  chloride 
is  added,  else  more  or  less  of  it  will  be  precipitated  and  weighed 
with  the  lime  salts,  and  finally  reckoned  as  CaFlj.  Dr.  Wyatt's 
statement  that,  by  adding  ammonium  carbonate  as  he  directs,  "all 
the  soluble  silica  falls  out  of  solution,"  is  not  confirmed  by  ray  ex- 
perience with  200  c.c.  of  a  filtered  solution,  prepared  with  great  care 
according  to  his  directions,  and  evaporated  to  dryness,  the  residue 
being  taken  up  with  cold  water  and  some  sodium  bicarbonate  being 
added.  The  precipitate  weighed  18.5  milligrammes  and  containeil 
16.5  milligrammes  of  Si02,  all  of  which,  it  is  reasonable  to  suppose, 
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would  have  been  precipitated  with  tlie  lime  salts.  Again,  the  cal- 
cining of  the  precipitate  of  calcium  carbonate,  phosphate  and  fluoride 
introduces  difficulties  and  sources  of  error,  as  to  which  the  standard 
works  on  chemistry  may  be  consulted.  After  all  the  details  have 
been  carried  out,  the  amount  of  fluorine  is  calculated  from  small 
differences  in  the  weights  of  enormous  precipitates,  as  shown  by  Dr. 
Wyatt  in  the  example  given  in  his  book;  and  upon  this  residual 
figure  fall  all  the  errors  of  work.  The  percentage  of  fluorine  ulti- 
mately figured  out  in  this  manner  will  probably  bear  no  very  close 
relation  to  that  really  present  in  the  mineral. 

The  Berzelius  method  gives  us  the  fluorine  as  fluoride  of  calcium, 
the  purity  of  which  is  still  furtlier  tested  by  conversion  into  sul- 
phate. The  results  are  direct  and  reliable;  and  there  is  nothing  in 
the  method  which  any  laboratory  assistant  cannot  easily  understand 
and  perform.  The  determination  of  fluorine  in  phosphate  is  rarely 
important  for  practical  purposes;  but,  if  called  for,  it  will  be  best 
made  by  well-known  standard  methods. 

I  cannot  agree  with  Dr.  Wyatt  in  his  low  estimate  of  the  amount 
of  ability  requisite  for  the  assistants  in  a  commercial  laboratory. 
AVhile  commercial  analysis,  in  one  sense,  is  simply  mechanical  work 
requiring  no  great  amount  of  brains  but  much  care,  neatness,  and 
practice,  still  mental  capacity  is  no  drawback.  The  quality  of  the 
work  furnished  by  a  laboratory  depends  upon  the  quality  of  the 
assistants,  and  this  depends  upon  the  quality  of  the  director.  If  he 
aims  at  a  high  standard,  and  is  competent  to  attain  it,  he  can  carry 
his  assistants  with  him  and  make  them  something  better  than  "rule 
of  thumb"  men.  In  factory-work,  anything  may  be  allowable 
which  answers  the  purpose,  but  not  in  public  laboratories,  where 
"  short  cuts "  often  lead  to  unpleasant  experiences  on  the  witness 
stand.  Let  us  strive  to  know  and  use  the  best  methods.  If  we  can 
improve  old  ones  or  invent  new,  so  much  the  better,  if  only  our  work 
can  stand  experimental  criticism,  which  we  should  always  welcome. 
When  Glaser  published  his  method  for  the  determination  of  iron 
and  alumina  in  phosphates,  he  demonstrated  at  the  same  time  the 
utter  unreliability  of  the  acetate  method  then  in  use.  Since  then 
Jones  has  improved  on  Glaser's  method,  and  before  long  Jones's 
work  may  be  superseded  ;  for  the  end  for  which  all  are  striving  is 
scientific  accuracy. 
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LAVRENTIAN  LOW-GRADE  PHOSPBATE-ORES. 

BY  JOHN   STEWART,    OTTAWA,    CANADA. 

(Baltimore  Meeting,  February,  1892.) 

The  market  at  present  supplied  by  shipments  from  the  phos- 
])hate  districts  of  Quebec,  Ontario,  and  New  York  State  requires 
high-grade  ore,  carrying  from  75  per  cent,  to  90  per  cent,  of  phos- 
phate of  lime.  In  sorting  out  such  material  by  hand,  much  valuable 
phosphate  is  necessarily  left  in  the  "  culls "  or  refuse,  besides 
which,  much  phosphate-rock  of  low-grade  is  not  now  mined  at  all, 
because  it  cannot  be  made  available  by  the  crude  method  of  cobbing 
and  hand-sorting.  The  utilization  of  such  material,  which  would,  of 
course,  greatly  benefit  this  industry,  requires  either  a  mechanical 
separation  or  a  chemical  process  which  would  concentrate  the  phos- 
phate in  a  form  suitable  for  agriculture. 

Considering  the  rich  phosphate  now  shipped  as  the  first  class,  we 
may  arrange  the  lower  grades  in  three  classes,  as  follows: 

Second  Class. — Cull-ore  from  the  first  class,  and  the  mass  of 
deposits  having,  as  gangue,  pyroxene  or  hornblende.  The  follow- 
ing table  gives  the  hardness  and  specific  gravity  of  the  minerals 
concerned : 

Hardness.  Spec,  gravity. 

Apatite, 5  3.1    to  3.25 

Crystalline  limestone  (pink  calcite),         .    3  to  4  2.5    to  2.9 

Pyroxene, 5  to  6  3.23  to  3.5 

Hornblende,  .....    5  to  6  2.9   to  3.4 

Feldspar  (orthoclase),         .        .        .        -    6  to  6.5  2.5    to  2.6 

It  is  evident  that  when  pyroxene  and  hornblende  are  present  in 
large  proportions,  this  ore  cannot  be  successfully  concentrated  by 
crushing  and  jigging.  It  may  be  reduced  to  fine  powder  by  succes- 
sive treatment  in  a  rock-breaker  and  a  Sturtevant  or  Frisbee-Lucop 
mill,  or  other  suitable  apparatus,  and  in  this  condition  it  could  be 
largely  used  by  applying  it  freely  upon  exhausted  clay  soils,  such  as 
occur  in  Quebec  and  Ontario.  The  occupants  of  these  once  fertile 
river-lands  are,  however,  hard  to  move  in  the  direction  of  such  im- 
provements.    ^Yhen  water-power  is  at  hand,  the  cost  of  crushing 
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and  pulverizing,  apart  from  raining  and  hauling,  is  from  25  to  40 
cents  per  ton. 

A  chemical  treatment,  it  seems  to  me,  could  be  profitably  employed 
by  which  the  phosphate  in  these  second-class  ores  could  be  extracted 
in  soluble  form.  This  suggested  process  consists  in  exposing  the 
finely  pulverized  ore  to  sulphurous  and  sulphuric  acid  vapors,  assisted 
by  water-spray.  This  might  be  done  on  a  large  scale  by  dropping 
the  fine  material  through  a  tower  built  on  the  principle  of  the  well- 
known  Gerstenhofer  furnace,  but  much  higher  (100  feet  would  per- 
haps be  a  necessary  height).  The  triangular  prisms  constituting  the 
cross-shelves  could  be  madeof  acid-proof  brick  or  covered  with  lead. 
Other  details  of  arrangement  will  suggest  themselves  to  those  familiar 
with  the  operations  of  the  Stetefeldt  or  the  Gerstenhofer  furnace,  and 
need  not  be  elaborated  here.  Possibly  a  revolving  "  cylinder-roaster  " 
might  be  found  applicable  instead  of  the  high  tower.  The  action  of 
sulphurous  and  sulphuric  acid  when  used  together  in  forming  the 
soluble  phosphates  is  moi-e  energetic  than  when  either  is  used  se[)a- 
rately.  The  sulphurous  vapors  required  could  be  conducted  to  the 
apparatus  from  kilns  in  which  the  pyrites  of  the  region  had  been 
roasted  to  obtain  them  ;  and  the  reaction  in  the  apparatus  could  be 
assisted  by  adding  with  the  water-spray  a  little  nitric  acid.  After  a 
simple  separation  by  settlers  and  buddies  of  the  sand  and  super- 
phosphates, and  evaporating  and  drying  the  latter,  a  concentrated 
and  highly  valuable  marketable  product  would  be  obtained.  At 
Buckingham  and  Ottawa,  producer-gas,  made  from  saw-mill  waste, 
and  costing  about  12|  cents  per  1000  feet^  could  be  used  to  aid  in 
washing,  steam-raising,  and  evaporating.  Water-power  is  available 
for  mechanical  purposes  in  most  of  the  phosphate-districts.  If  a 
highly  concentrated  super-phosphate  is  made,  it  must  be  packed  in 
barrels  since  it  is  very  hygroscopic. 

Third  Class. — Apatite-ores  carrying  calcite  and  mica  as  the  asso- 
ciated gangue,  and  free  from  pyroxene,  hornblende,  pyrites,  quartz, 
and  feldspar.  These  can  be  calcined,  crushed,  and  mechanically 
concentrated  to  a  degree  equal  to  that  of  the  first-class  phosphate  now 
shipped.  Limestone  beds  and  cross-veins  cutting  the  Laurentian 
rocks  occur  in  all  the  phosphate-districts,  carrying  apatite  crystals  of 
varied  size  in  such  proportion  as  to  make  them  worth  exploitation  by 
this  method,  especially  in  many  places  where  water-power,  cheap 
fuel,  and  transportation,  etc.,  are  at  hand. 

In  the  report  of  the  Geological  Survey,  for  1871-2,  page  125,  Mr. 
H.  G.  Vennor  says,  in  reference  to  a  deposit  of  this  class  : 

VOL.  XXI. — 12 
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"Several  bands  of  a  pink  ealcite,  highly  charged  with  crystals  of  apatite,  also 
occur  on  this  lot.  These  crystals  are  very  easily  removed  from  the  matrix,  and 
although  at  present  this  form  of  deposit  is  looked  upon  by  the  miners  as  useless, 
there  is  little  doubt  that,  at  some  future  period,  a  simple  process  will  be  devised 
by  means  of  which  it  will  be  treated  with  profit." 

On  the  partly  decomposed  outcrop  of  such  deposits,  it  is  possible 
to  cull,  or  separate  by  cobbing,  the  larger  crystals  of  apatite  from 
the  softer  and  weathered  calcareous  rocks  ;  but  this  operation  is  too 
slow,  and  more  expensive  than  to  mine  or  quarry  the  ore  of  the  bed 
or  vein  and  calcine  the  ore  in  lump-form  in  lime-kilns,  after  which 
it  can  be  sent  to  a  mill  for  concentration.  The  best  form  of  kiln 
for  this  purpose  is  that  known  to  lime-burners  as  the  "  twin-sisters' 
kiln."  These  are  built  in  pairs,  for  economy  of  material  and  space. 
They  are  charged  at  the  top  and  fired  at  the  sides;  and  the  calcined 
ore  or  lime  is  withdrawn  at  the  bottom  into  iron  mine-cars  without 
any  handling.  A  pair  of  kilns  costs  from  $1500  to  $2000,  depending 
on  the  price  of  material  and  labor. 

Apatite  ore,  holding  mica  only  as  gangue,  does  not  require  to  be 
roasted  ;  crushing,  screening,  and  close  sizing,  are  all  that  is  necessary 
to  render  it  capable  of  being  jigged.  The  calcination  at  Bucking- 
ham, Gatineau  river  and  Ottawa,  can  be  done  with  producer-gas  from 
saw-mill  refuse. 

It  might  be  found,  on  trial,  practicable  after  calcination  of  the 
ores  of  the  second  class,  in  the  lump-form,  to  concentrate  that  class 
in  the  same  manner  as  those  of  the  third  class;  since  the  roasting 
has  the  effect  of  decomposing  the  lime-rocks,  and  pyroxenic  and 
feldspathic  rocks  would  thereby  be  reduced  in  weight  and  hardness. 
The  crystalline  limestone  is  a  carbonate  of  lime  and  magnesia,  which 
the  roasting  decomposes  and  renders  easily  treated  by  crushing, 
screening,  and  close  sizing  and  jigging.  This  has  been  accomplished, 
on  a  small  scale,  by  hand-tests  of  roasted  ores  of  the  third  class 
from  several  districts. 

This  ofe  could  be  mined  or  quarried  in  larger  amount,  and  at 
lower  cost,  than  is  the  case  in  deposits  of  less  width  where  pyroxenic 
and  feldspathic  rocks  are  the  vein-matter.  The  cost  of  calcination 
is  about  50  cents  per  ton.  The  calcined  ore  would  be  crushed  in 
breakers  and  rolls,  with  revolving  screens  for  close  sizing,  and  with 
a  liberal  supply  of  water  to  wash  out  the  lime,  which  the  roasting 
has  rendered  partly  soluble  in  water ;  and  concentration  would  be 
effected  by  the  modern  improved  classifiers,  jigs,  rotary  concentrat- 
ing tables  or  buddies  for  the  fine  ore,  etc.     The  milling  and  concen- 
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trating  would  cost,  with  water-power,  from  30  cents  to  40  cents  per 
ton.  A  mill  or  plant  of  120  to  150  tons  per  day  crushing-capacity 
should  yield,  per  day  of  24  hours,  from  40  to  75  tons  of  concen- 
trated apatite  equal  to  No.  1  in  quality. 

Estimate  of  Highest  Expenses  and  Lowest  Production  and  Price. 

Dr. 

Mining  150  tons  by  open  work,  say  75  cents  to  $1.50  per  ton,  $225  00 
Teaming  or  tramming  150  tons  to  mill,  say  25  to  50  cents 

per  ton, 75  00 

Roasting  tlie  ore,  150  tons,  at  50  cents, 75  00 

Milling  and  concentrating  150  tons,  at  30  to  40  cents  per  ton,  60  00 
Interest  on  capital,  repairs  and  superintendence,   at  §1.00 

per  ton, 150  00 

Shipping  concentrates,  40  tons,  say  25  cents  per  ton,  .  .  10  00 
Freight  and  charges  to  Montreal,  say  on  40  tons  at  $3.00  per 

ton, 120  00 

Lowest  estimate  of  daily  profit, 85  00 

$800  00 
Cr. 
Forty  tons  concentrates,  equal  to  1st  quality  phosphate,  say 

$20.00  per  ton, $800  00 

At  the  above  high  charges  and  low  production  and  low  price,  a 
ton  of  concentrates  costs,  in  Montreal,  $17.87|-  f.  o.  b.  From  the 
above  estimate,  taking  the  highest  expenses  and  lowest  production, 
and  lowest  price  as  the  basis  of  calculation,  it  is  apparent  that  de- 
posits of  the  third  class  of  low-grade  ore,  with  the  necessary  plant 
for  roasting  and  milling  the  ore,  are  capable  of  yielding  a  larger 
product  and  profit  than  a  first-quality  ore  produced  by  cobbing  or 
hand-labor.  The  yield  of  40  tons  concentrates  from  150  tons  of 
ore  is  equal  to  26f  per  cent,  for  the  apatite  in  the  ore  treated ;  but, 
as  much  of  the  ore  would  be  of  higher  grade  than  that  amount,  40 
tons  may  be  considered  the  minimum  yield,  and  twice  that  amount 
may  be  obtained  from  the  richer  grades  of  ore.  The  average  yield 
would  be  about  50  per  cent,  of  concentrates  from  the  amount  of  ore 
treated,  or,  say  75  tons  concentrates,  which,  at  the  same  low  price, 
would  be  a  profit  of  $150  to  $160  per  day.  The  cleaned  concentrates 
are  thereby  raised  to  the  value  of  a  crushed  first-quality  phosphate, 
carrying  from  75  per  cent,  to  90  per  cent,  phosphate  of  lime,  and 
fit  for  the  export  market. 

Fourth  Class. — Apatite-ores  with  magnetic  and  hematite  ores  or 
iron  pyrites.     These  require  to  be  crushed  (also  roasted  when  they 
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carrv  siiljiliides  of  iron),  and  may  then  be  treated,  like  those  of  the 
second  class,  by  a  chemical  process,  or  (sometimes)  by  magnetic  ma- 
chines. 

The  magnetic  iron-ore  found  interstratified  with  apatite,  near 
Eagle  Lake  in  the  Kingston  region,  when  freed  or  dressed  by  hand 
from  the  mechanically-mixed  apatite,  has  been  found  to  be  a  work- 
able ore  of  iron,  and  free  from  phosphorus.  Both  the  apatite  and 
iron-ore  are  therefore  commercially  valuable.  jNIagnetic  pyrites  or 
pyrrhotite  also  is  found  with  apatite,  and  these  magnetic  minerals 
could  be  most  easily  separated  from  the  apatite  by  the  use  of  mag- 
netic machines. 

Hematite  and  apatite  could  be  crushed  and  treated  as  in  the  case 
of  the  second  class,  and  after  thorough  washing,  the  iron  might  per- 
haps be  available  as  an  iron-ore. 

The  Laurentian  sulphides  of  iron  (pyrrhotite  and  pyrite)  are,  in 
greater  or  less  proportion,  ores  of  gold,  silver,  copper,  nickel,  and 
cobalt.  Dr.  T.  Sterry  Hunt  found  3.47  per  cent,  of  cobalt  and  2.21 
per  cent,  of  nickel,  in  an  ore  from  North  Burgess  in  the  Rideau 
district.  It  was  associated  with  apatite.  The  pyritic  ores  may  be 
used  as  a  source  of  sulphur  by  first  roasting  in  lump-form;  then  they 
may  be  crushed  and  treated  like  these  of  the  second  class,  and  the 
residues  may  be  further  treated  for  the  metallic  minerals  they  may 
contain. 

The  magnetic  and  hematite  ores,  with  apatite  in  massive  form,  and 
also  as  crystals,  form  workable  deposits  in  some  districts,  and  as  all 
the  ores  of  this  fourth  class  occur  as  "  cull-ores  "  from  the  first- 
quality  shipments  in  the  several  phosphate  districts,  the  question 
how  to  utilize  them  with  less  loss  than  is  involved  in  the  present 
practice  of  sending  them  to  the  dumps  as  refuse,  is  a  matter  of  im- 
portance in  the  economy  of  working  many  deposits.  As  there  is 
little  demand  for  iron-ores  in  Ontario  and  Quebec  at  present,  the 
separation  of  phosphates  from  iron-ore  may  be  considered  prema- 
ture. But  the  large  extent  of  these  ores  of  the  fourth  class  makes 
a  mention  of  them  necessary,  particularly  as  deposits  of  this  class 
have  already  been  worked. 

In  the  Laurentian  rocks  of  New  Jersey  and  New  York,  all  the 
low-grade  ores  of  apatite  here  mentioned  are  found.  Some  of  the 
iron-ores  in  the  Southern  States  are  said  to  be  so  intimately  mixed 
with  viviauite,  a  hydrous  iron  phosphate,  as  to  prevent  their  use. 
Such  ores  could  be  treated  as  suggested  above  for  the  second  class, 
and,  after  thorough  washing,  used  in  the  iron  manufacture. 
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Discussion. 

Dr.  Francis  Wyatt,  New  York  City  (Communication  to  the 
Secretary) :  I  have  been  greatly  interested  in  Mr.  Stewart's  paper, 
not  only  because  of  the  intelligent  manner  in  which  he  has  stated 
his  views,  but  because  the  difficulty  of  dealing  economically  with 
Canadian  apatites  of  low  grade  has  long  been  the  object  of  my  spe- 
cial attention. 

In  my  recently  published  Phosphates  of  America  I  have  sought 
to  emphasize  the  great  advantage  that  would  be  derived  by  Cana- 
dian apatite  miners  from  the  discovery  of  some  practical  method  of 
dealing  with  ores  of  the  second  and  third  grades,  which  would  ren- 
der unnecessary  the  expensive  hand-cobbing,  hitherto  the  heaviest 
item  in  their  mining  cost.  In  my  own  experience  and,  so  far  as  I 
can  discover  by  diligent  inquiry,  in  the  experience  of  must  other  in- 
vestigators, the  close  similarity,  in  both  specific  gravity  and  hard- 
ness, between  apatite  and  the  chief  minerals  with  which  it  is 
commonly  associated  in  the  Laurentian  rocks,  has  proved  an  insur- 
mountable obstacle  in  the  way  of  its  cheap  and  effectual  mechanical 
separation.  All  my  own  experiments  in  this  direction  have  been 
failures;  and  I  regret  that  I  see  in  none  of  Mr.  Stewart's  suggestions 
any  reason  for  anticipating  more  commercially  satisfactory  results. 
With  this  conviction,  I  shall  not  pause  to  discuss  that  mechanical 
side  of  the  problem  to  which  he  has  devoted  so  much  space,  but  will 
pass  to  a  consideration  of  the  chemical  treatment  by  which  he  con- 
siders that  the  phosphate  in  these  low-grade  ores  may  be  readily  ex- 
tracted in  a  soluble  form. 

Without  entering  into  the  details  of  such  a  complicated  plant  as 
would  be  necessary  to  try  the  merits  of  his  process  on  the  large  scale, 
I  take  it  that  the  most  desirable  and,  at  the  same  time,  the  most 
readily  conceivable  reactions  that  might  take  place  in  Mr.  Stewart's 
super-phosphate  "  tower  "  would  be  somewhat  as  follows : 

Vapors  of  sulphur  dioxide,  generated  in  adjoining  pyrites-kilns, 
would  pass  into  the  tower,  mixed  with  more  or  less  air.  Meeting 
here  with  a  regulated  current  of  steam,  they  would  be  carried  up- 
ward and  brought  into  contact  with  a  finely  divided,  and,  preferably, 
minute  downward  spray  of  nitric  acid  and  water.  The  sulphuric 
acid  thus  formed,  would  act  upon  the  apatite  (finely  ground  and 
arranged  in  thin  layers  upon  a  series  of  shelves),  producing  the  solu- 
ble mono-calcic  phosphate,  and  the  insoluble  sulphate  of  lime,  thus  : 
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6S0,  +  4H,0  +  4HXO3  I  Soluble. 

forming  V  +  SCag  P.O^  =  3CaH,(PO,)2  + 

6H,S0,  +  4XO  J 

Insoluble. 

eCaSO,  +  4NO. 

The  nitric  oxide  liberated  in  the  reaction  would  at  once  combine 
with  free  oxygen  to  become  nitric  peroxide  (NOo).  It  might  there- 
fore act  as  a  carrier  of  oxygen  to  the  sulphur  dioxide  several  times 
during  its  upward  course  before  making  its  final  exit;  and  it  would 
be  a  feature  of  the  working  process,  to  recover  it  partially  by  con- 
ducting it  into  a  Gay-Lussac  tower,  whence  it  could  be  pumped  up 
and  used  over  again  in  the  downward  spray.  The  mono-calcic 
phosphate  would  be  carried  away  by  water,  as  formed,  and  remain 
in  solution  in  the  tank  or  reservoir  into  which  the  decomposed  ma- 
terials would  all  be  eventually  conducted.  After  the  sulphate  of 
lime  and  all  other  inert  and  insoluble  bodies  originally  contained  in 
the  ore,  had  settled  to  the  bottom,  the  clear  solution  would  be  de- 
canted and  evaporated  to  dryness. 

This,  as  I  have  said,  is  what  I  conceive  to  be  the  most  desirable 
reaction;  and  if  it  could  positively  take  place  with  anything  like  the 
regularity  indicated  by  my  equation,  it  would  be  certainly  worthy 
of  very  serious  investigation.  Unfortunately,  however,  there  is 
room  for  much  speculation  and  doubt  upon  this  head,  and  many 
varying  complications  force  themselves  upon  my  notice.  Among 
others,  for  example,  it  is  probable  that,  with  such  a  constant  excess 
of  the  sulphur  dioxide  as  would  be  continually  poured  into  the 
tower,  we  miirht  get  some  such  result  as  this: 

Soluble.  Insoluble. 

SCagPA  +  4H2SO,  +  4SO3H2  =  3CaH,(POj2  +  4CaS0,  -\- 

Soluble. 

2Ca(S03).H.. 

Here  the  .solution  to  be  evaporated  at  the  end  of  the  reaction  would 
contain  two  salts  of  lime  instead  of  one;  and,  immediately  upon 
application  of  the  necessary  heat,  both  would  be  decomposed,  and 
insoluble  bodies  would  be  formed,  thus  : 

Soluble.  Soluble.  Insoluble. 

CaH,(P0j2  -;-  Ca(S03)2H2  =  Ca2R>(PO,)2  +  280.  +  2H,0. 
In  other   words,  tiie   bisulphite  of  lime  would   lose  its  sulphurous 
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acid,  and  its  base,  combining  with  phosphoric  acid,  would  cause  the 
"  mono  "  to  be  transformed  into  the  insoluble  bi-calcium  phosphate, 
for  which,  while  it  is  an  excellent  fertilizer,  there  is  at  present  no 
sufficiently  large  demand  for  agricultural  purposes. 

Neglecting  this  unfavorable  hypothesis,  however,  I  will  assume, 
for  the  sake  of  argument,  that  the  first  cited  and  most  favorable  re- 
actions actually  would  occur.  For  the  purpose  of  verifying  the  ad- 
vantages to  be  derived  from  the  method,  I  will  also  assume  that  the 
apatite  ores  contain  an  average  of  40  per  cent,  crystallized  phosphate 
of  lime,  and  are  treated  where  water-power  is  available,  and  within, 
say,  150  miles  of  the  phosphate-mines,  and  of  the  deposits  of  pyrites 
which  are  to  be  used  as  a  source  of  sulphur.  This  is  putting  the 
process  on  a  footing  as  favorable  as  the  author  could  desire,  and  I 
have  so  placed  it  in  order  to  submit  the  following  estimate  of  the 
probable  minimum  cost  at  which  it  would  enable  Canadian  miners 
to  produce  super-phosphates. 

2j  tons  40  per  cent,  phosphate,  mined  and  delivered  at  mill,  at 

sav,  $3  per  ton,       ....         .....  $7.50 

Grinding  2 J  tons  to  a  fineness  of  100-mesh,       .         .         .         .  3  00 

1  ton  pyrites  containing  35  to  40  per  cent,  of  snlphur,     .        .  3.50 
100  pounds  nitric  acid  used  up  and  lost  per  ton  of  apatite 

(theory  would  require  much  more),  say,        ....  5.00 

Labor,  fuel,  interest,  wear  and  tear  of  plant,  etc.,  say,       .         .  2.00 

Cost  of  treating  2h  tons  40  per  cent,  apatite  ore,        .         .         .  $21.00 

Now  comes  the  question  which,  as  an  immediate  result  of  my  exi- 
perience  in  similar  processes  to  this,  at  once  presents  itself:  How 
much  of  the  total  apatite  contained  in  the  '2h  tons  of  ore  thus  treated, 
would  really  come  under  the  influence  of  the  reagents  and  be  trans- 
formed into  the  desired  products,  and  how  much  would  remain  in 
an  inaccessible  condition  and  fall  through  the  tower  unchanged  ? 

Replying  to  this  question,  I  should  unhesitatingly  say,  that  a  very 
considerable  proportion  of  the  phosphate  would  escape  all  contact 
with  the  gases  or  acids;  that  another  considerable  proportion  would 
be  attacked  only  on  the  surface;  and  that,  altogether,  it  would  be 
unwise  to  count  upon  a  recovery,  in  any  form,  of  more  than  from 
50  to  70  per  cent,  of  the  total  apatite  present.  I  hope  this  will  be 
considered  a  practical  way  of  looking  at  the  question.  In  any  case, 
it  is  a  wise  precaution  to  err  on  the  side  of  safety,  and  I  will  there- 
fore provisionally  adopt  the  figure  of  70  per  cent,  as  being  in  my 
judgment  the  maximum  product  obtainable. 
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The  evaporated  solution,  on  this  basis,  will  contain  the  equiva- 
lent of,  say,  1000  pounds  of  crystallized  mono-calcic  phosphate, 
CaH,(POJ22H20; 

Which,  in  a  40  per  cent,  solution,  costs,          ....  $21.00 

To  evaporate  this  solution  to  dryness,  will  cost,  say,        .         .  1.00 
Packages,  freight  and  charges  to  nearest  shipping  point,  at 

say  $4  per  ton, 2.00 

Total  cost  of  1000  pounds  ready  for  market,    ....       24,00 

Total  cost  per  ton  of  2240  pounds $53.76 

This  compound  would  contain  about  52i  per  cent,  of  phosphoric 
anhydride  (P2O5)  and  would  sell  at  about  80  cents  per  unit  and  per 
gross  ton.  Its  market  value  would  consequently  be  52.50  X  .80 
or  $42  per  ton,  and  the  probable  result  of  the  entire  operation  would 
be  a  loss  of  $11.76,  or  sav,  §4.75  per  ton  of  the  original  low  grade 
apatite  ore. 

As  I  have  already  observed,  I  give  these  figures  as  the  result  of 
my  own  experimental  attempts,  in  similar  directions  to  the  one 
under  discussion.  If  Mr.  Stewart  considers  them  to  be  too  pessi- 
mistic, I  can  only  say  that  I  am  not  a  Dogberry,  and  that  I  shall 
be  very  much  pleased  if  he  can  prove  me  to  be  wrong.  Unless  he 
can  avail  himself  of  some  marvellous  development  in  working  ap- 
pliances however,  or  bring  forward  some  unanswerable  argument 
which  I  cannot  at  present  foresee,  I  shall  adhere  to  my  estimates 
and  shall  advise  my  Canadian  mining  friends  to  feel  their  way 
slowly. 

I  admit,  of  course,  that  his  idea  is  ingenious  and  scientific,  but  it 
has  the  serious  defect  of  being  very  complicated  as  well  as  costly  ; 
and  I  cannot  see  why  we  should  prefer  it  to  the  other  chemical 
method  which  has  been  amply  tested  in  Europe;  which  I  recently 
outlined  as  most  suitable  for  dealing  with  the  lower-grade  phosphates 
of  Florida;  which  is  equally  applicable  to  Canadian  apatite;  and 
which  I  think  more  rational,  direct,  and  simple,  than  any  other  in 
successful  practice.  It  consists  in  the  manufacture  of  j)hosphoric 
acid  in  solution,  by  means  of  weak  oil  of  vitriol,  according  to  the 
equation  Oa^VJJ^  +  SH.SO,  =  3CaSO,  +  2H3PO,. 

This  solution,  after  concentration  to  say  45°  Beaume,  can  be  readily 
shipped  to  any  desirable  point,  to  meet  a  constant  and  increasing  de- 
mand among  the  manufacturers  of  fertilizers. 

The  modus  operandi,  briefly  outlined,  would  be  for  the  case  above 
supposed,  as  follows:  The  ore,  containing,  say,  40  per  cent,  of  apa- 


LAURENTIAN    LOW-GRADE    PHOSPHATE    ORES.  185 

tite,  and  with  as  little  calcite,  fluoride  of  calcium,  and  oxide  of  iron 
and  alumina,  as  may  be  practicable,  is  ground  to  the  fineness  of  100- 
mesh,  as  in  the  last  example.  The  quantity  of  sulphuric  acid  of  50° 
Beaume,  required  for  the  satisfaction  of  all  the  bases,  and  the  libera- 
tion of  the  phosphoric  acid  in  2J  tons  of  the  ore,  may  be  taken  at, 
say,  4000  pounds. 

The  acid  is  run  into  a  large  wooden  tank  provided  with  rakes 
and  agitators,  and  is  diluted  with  water  until  its  strength  is  reduced 
to  14°  Beaume,  The  rakes  are  then  set  in  motion;  the  phosphate 
is  slowly  mixed  in  ;  and  the  mass  is  stirred  up  constantly  for  five  or 
six  hours.  A  little  live  steam  is  occasionally  blown  in  through  the 
side  of  the  tank,  in  order  that  a  fairly  high  temperature  may  be 
maintained  ;  and  the  thick  fluid  is  finally  run  oif  into  filters.  Here 
the  sulphate  of  lime  is  separated  out  with  other  insoluble  matters; 
the  phosphoric  acid  is  drawn  off;  and  the  residue  is  carefully  washed 
until  the  washings  mark  no  more  than  1°  Beaume. 

All  runnings  from  the  filter  down  to  5°  Beauni6  are  pumped  into 
an  elevated  tank,  and  thence  run  by  gravitation  to  a  series  of  leaden 
evaporating  pans,  heated  by  direct  fire  from  the  top.  All  runnings 
of  a  less  strength  than  5°  Beaume,  being  too  weak  for  economical 
concentration,  are  used  to  dilute  the  sulphuric  acid  in  subsequent 
operations. 

Two  and  a-half  tons  of  ore  will  yield  about  1900  pounds  of 
finished  liquid,  of  a  strength  of  about  45°  Beaume.  This  will  con- 
tain 45  per  cent.,  or  say,  850  pounds  of  phosphoric  anhydride 
(P2O5) ;  and,  by  reference  to  my  notes  of  actual  results  on  a  work- 
ing scale,  I  find  that  the  cost  of  its  production,  adapted  to  Canadian 
conditions,  may  be  stated  approximately  as  follows  : 

2j  tons  40  per  cent,  phosphate,  rained   and  delivered  at  mill 

at,  say,  $3  per  ton, $7.50 

Grinding  2^  tons  to  a  fineness  of  100-raesli,     ....  3.00 

4000  pounds  chamber  sulphuric  acid  of  50°  Beaumfe  at,  say, 

$5  per  ton, .        .         .  10.00 

Labor,  fuel,  wear  and  tear  of  plant,  etc.,         ....  2.00 

Cost  of  treating  2^  tons  40  per  cent,  apatite  ore,  and  of  pro- 
ducing 1900  pounds  45°  Beaum^  phosphoric  acid,      .         .     $22.50 

Cost  of  45°  Beaume  phosphoric  acid  per  ton  of  2240  pounds, 
say, $26.50 

Packages,  freight  and  charges  to  nearest  shipping  point  at  $4 

per  ton, 4.00 

Total  cost  per  ton, $30.50 

The  actual  market-value  for  phosphoric  acid  solution  of  this  strength 
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is  ,$1  per  unit  of  P^Oj  per  gross  ton.  It  is  therefore  worth  $45  per 
ton,  and  the  consequent  profit  on  the  1900  pounds  produced  from 
the  2|  tons  of  raw  material  would  be  $12.30  or  a  little  less  than  $5 
per  ton  of  low-grade  apatite  ore. 

As  I  do  not  claim  the  least  originality  for  this  method,  I  shall 
not  be  accused  of  egotism  for  saying  that  it  is,  a  priori,  of  more  prac- 
tical promise  than  that  of  Mr,  Stewart ;  and  I  think  that,  by  a 
proper  arrangement  of  the  plant,  it  might  be  possible  to  deal  with 
perhaps  50  tons  of  ore  and  to  turn  out  frdm  19  to  20  tons  of  45° 
Beaume  phosphoric  acid  solution  per  day,  which  could  be  sold  with- 
out difficulty  to  manufacturers  of  high-grade  or  concentrated  super- 
phosphates. 

These  high-grade  "  supers  "  have  long  been  prepared  in  Europe, 
and  are  justly  entitled  to  be  considered  as  superior.  In  their  prepa- 
ration, the  phosphoric  acid  replaces  oil  of  vitriol  as  the  solvent  of 
the  raw  phosphates,  according  to  the  equation  : 

CagPA  +  4H3PO,  =  3CaH,(PO,)2  (Mono-calcic   phosphate). 

or 
2Ca3PA  +  2H3PO,  =  3Ca2H2(POj2  (di-calcic   phosphate). 

And  the  finished  product  contains  from  40  to  45  per  cent,  of  P2O5 
instead  of  the  12  to  14  per  cent,  contained  in  the  ordinary  commer- 
cial article. 

Prof.  Johx  C.  Smock,  Trenton,  N.  J. :  The  greensand  marls  of 
New  Jersey  present  an  interesting  type  of  low-grade  phosphates. 

The  so-called  "  marl  belt,"  90  miles  long  and  6  to  10  miles  wide, 
in  which  the  marls  occur,  is  the  most  productive  part  of  the  State  in 
staple  farm-crops.  The  use  of  the  marls,  however,  is  not  limited  to 
this  belt,  but  extends  from  10  to  50  miles  on  each  side  of  it. 

Though  nominally  greensand  marls,  these  materials  are  varying 
mixtures  of  greensand  or  glauconite,  clay,  sand,  fine  calcic  carbonate 
and  calcic  phosphate,  with  remains  of  the  organic  life  which  charac- 
terized the  time  of  their  deposition.  Vivianite  and  other  minerals 
are  more  rarely  present. 

Careful  observations  of  the  effects  of  use  compared  with  chemical 
analyses  of  various  typical  varieties  in  all  parts  of  the  belt,  prove 
that  the  greensand  has  little  or  no  value  as  a  fertilizing  constituent, 
unless  it  be  as  altering  mechanically  the  texture  of  the  soil.  The 
most  valuable  marls  are  those  which  contain  the  most  phosphoric 
acid  and  lime.  This  fact  is  so  well  known  that  the  determination  of 
these  two  constituents  suffices  to  fix  the  commercial  value  of  any 


LAURENTIAN    LOW-GRADE   PHOSPHATE   ORES.  187 

given  raarl.  The  fine  carbonate  of  lime  is  esteemed  as  a  lasting  fer- 
tilizer ;  and  marls  rich  in  that  constituent  are  noted  for  their  continu- 
ing effects  in  maintaining  the  productivity  of  soils  to  which  they  are 
applied. 

The  phosphate  occurs  in  light-green,  soft  grains,  mixed  with  the 
greeusand.  It  is  shown  by  tests  with  citrate  of  ammonia  to  be 
in  part  soluble,  more  so  than  finely-powdered  apatite.  It  has  been 
valued  at  various  figures,  ranging  from  9  cents  down  to  2  cents  per 
pound. 

The  generous  use  of  these  marls  is  a  notable  feature  of  the  agri- 
culture of  the  district.  lu  Monmouth  county,  the  lower-bed  marl, 
having  an  average  of  1.14  per  cent,  of  phosphoric  acid,  is  applied  at 
the  rate  of  from  50  to  100  tons  (and  more)  per  acre.  The  more 
phosphatic  marls,  containing  from  2  to  4  per  cent.,  are  applied  at  the 
rate  of  10  to  40  tons  per  acre.  These  figures  indicate  the  applica- 
tion of  1000  to  2000  and  in  some  cases  3000  pounds  of  phosphoric 
acid  per  acre.  It  is  safe  to  say  that  in  the  average  ''  marling  "  of  a 
soil  it  receives  1000  pounds  of  phosphate  of  lime.  When  it  is  borne 
in  mind  that  such  an  application  is  repeated  within  a  short  period — 
say  every  five  years — in  some  parts  of  the  country,  the  aggregate  re- 
ceived by  such  soils  of  this  constituent  of  plant-growth  will  be  seen 
to  be  large.  Until  recently  this  practice  was  common  throughout 
the  "  marl-belt,"  and  no  commercial  fertilizers  were  in  use  there.  It 
is  estimated  that  30,000  tons  of  this  phosphate  have  been  used  an- 
nually in  New  Jersey. 

The  expenditure  of  time  and  labor  in  these  heavy  dressings  is 
considerable,  amounting  to  as  much  as  the  price  of  farm-land  in 
other  parts  of  the  State. 

This  generous  use  of  the  phosphatic  greensand-marls  of  New  Jer- 
sey suggests  further  experiments  with  our  Florida,  Carolina  and 
Canada  phosphates,  in  a  finely-powdered  condition,  in  which  they 
will  be,  to  some  extent,  gradually  assimilable  by  plants.  Such  ex- 
periments as  made  heretofore,  have  been  made  with  too  light  an  ap- 
plication, M'itliout  admixture  of  composting  materials  and  with  expec- 
tation of  too  early  results.  It  is  believed  that  a  more  generous  use 
of  the  fine-ground  phosphate,  mixed  with  other  materials  promotive 
of  disintegration  and  decomposition  and  with  a  more  patient  looking 
for  returns  may  yield  better  success,  and  tend  to  a  greatly  increased 
development  of  the  phosphate  industry.  Both  agriculture  and  min- 
ing may  thus  receive  substantial  benefits ;  and  no  harm  would  be 
done  to  our  super-phosphate  manufacturers,  by  thus  providing  a 
wider  use  for  material  which  they  are  obliged  to  throw  away. 
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A  LIST  OF  MINERALS  CONTAINING  AT  LEAST  ONE  PER 
CENT.   OF  PHOSPHORIC  ACID. 

BY  WILLIAM  B.    PHILLIPS,   PH.D.,    GR.\ND  RR'ERS,    KENTUCKY. 

(Baltimore  Meeting,  February,  1892.) 

The  occurrence  and  distribution  of  phosphorus  is  one  of  the 
most  important  questions  with  which  the  steel-maker  has  to  do. 
Large  sums  are  invested  in  proce.s.ses  for  the  removal  of  this  element 
from  ores  before  they  come  to  the  blast-furnace,  and  much  greater 
sums  in  freeing  the  pig-iron  from  it.  Mechanical  engineers  are 
becoming  more  and  more  critical  of  the  amount  of  total  phosphorus 
left  in  structural  steel,  the  tendency  being  to  require  that  it  be  re- 
duced to  the  lowest  possible  figure.  The  old  maximum  of  0.1  per 
cent,  is  now  considered  much  too  high  for  first-class  structural 
steel,  and  demands  for  0.03  to  0.01  per  cent,  are  by  no  means  un- 
heard of. 

The  first  to  speak,  in  a  scientific  way,  of  the  harmful  effect  of 
phosphorus  on  iron  and  steel  appears  to  have  been  Meyer,  who,  in 
1781,  made  mention  of  what  we  now  term  "cold-shortness,"  ascrib- 
ing it  to  the  presence  of  this  metalloid,  but  not  suggesting  any 
remedy.  It  is,  however,  doubtful  if  a  clear  idea  of  this  subject  was 
possessed  by  the  scientific  world  until  after  the  invention  of  the 
pneumatic  or  Bessemer  proces.s,  in  1855-56.  One  of  the  chief  ob- 
stacles in  the  way  of  this  renowned  metallurgist, — one,  indeed,  the 
removal  of  which  was  the  sine  qua  non  of  success, — was  the  phos- 
phorus in  the  iron  blown.  The  effect  of  the  phosphorus  does  not 
seem  to  have  been  apprehended  until  many  and  costly  experiments 
had  been  made,  and  then  the  required  minimum  percentage  of  it  in 
the  iron  was  secured  only  by  the  use  of  low-phosphorus  ores.  It 
was  not  until  1879-80  that  practical  success  was  reached,  by  the 
Thomas  process,  in  the  actual  removal  of  the  ])hosphorus  from  the 
iron. 

We  now  know  something  of  the  effect  of  the  total  amount  of 
phosphorus  on  iron  and  steel,  but  very  little  as  to  the  effect  of  the 
condition  of  the  phosphorus.     The  .state  of  combination  in  which 
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this  element  exists  may  well  influence  its  action  quite  as  much  as 
the  total  quantity  present.  In  this  respect  it  may,  and  probably 
does,  bear  a  close  analogy  to  carbon  ;  not,  indeed,  in  the  particular 
of  existing  in  the  metalloidal  state,  but  in  that  of  a  two-  or  even  a 
three-fold  condition,  as  phosphide,  as  phosphate,  and  perhaps  as  a 
mixture  of  the  two.  But  so  far  from  knowing  the  condition  of  the 
])hosphorus  in  the  metal,  we  do  not  yet  know,  as  we  should,  its  con- 
dition in  the  burden  or  in  the  ore.  It  is  well  known  that  the  con- 
dition of  the  iron  in  the  ore,  whether  as  ferric,  ferrous,  or  ferroso- 
ferric  oxide,  materially  affects  blast-furnace  practice,  and  extends 
even  to  the  quality  of  the  iron  made.  Why  may  not  the  same  prin- 
ciple obtain  in  respect  of  the  phosphorus?  It  is  highly  probable, 
indeed  one  may  say  it  is  certain,  that  in  the  vast  majority  of  ores 
phosphorus  exists  as  a  phosphate,  i.e.,  in  its  highest  state  of  oxida- 
tion ;  and  we  are  content  to  report  it  as  phosphoric  acid  without 
regard  to  the  base  or  bases  with  which  it  may  be  combined.  We 
assume  that  the  ultimate  effect  of  the  phosjjhorus,  as  well  as  what 
may  be  termed  its  intermediate  effects,  will  be  the  same,  no  matter 
whether  we  have  to  do  with  phosphate  of  iron,  phosphate  of  alu- 
minum, phosj)hate  of  lime,  or  mixtures  of  these,  as,  for  instance,  in 
the  reverted  phosphates,  so  important  to  the  agriculturist. 

It  may  not  be  of  so  much  importance  to  know  the  state  of  com- 
bination of  the  phosphorus  in  ores  well  within  the  Bessemer  limit, 
i.e.,  with  say  50  per  cent,  of  iron  and  0.01  to  0.03  per  cent,  of  phos- 
phorus ;  but  tlie  case  appears  to  me  quite  otherwise  when  we  come 
to  ores  carrying  2.31  and  even  5.41  per  cent,  of  phosphorus,  as  do 
some  of  the  red  fossil-ores  (Clinton)  of  Murphy's  Valley,  Jeffferson 
county,  Ala.  If  ores  with  60  to  65  per  cent,  of  iron  and  less  than 
0.04  per  cent,  of  phosphorus  are  deservedly  remarkable  and  eagerly 
sought  for,  ores  lying  at  the  other  extreme  are  no  less  remarkable. 
I  have  examined  ores  from  the  lo-^ality  just  mentioned  which  gave 
2.31  and  5.41  per  cent  of  phosphorus,  the  samples  having  been  taken 
from  the  same  seam  at  points  2  miles  apart.  The  seam  is  somewhat 
thin  (2|  to  3  feet),  but  it  extends  over  a  considerable  territory.  The 
iron-content  is  about  40  per  cent.  It  is  the  typical  ore  for  the  basic 
Bessemer  or  Thomas  process,  in  that  it  could  be  used  as  a  concen- 
trator for  ores  less  rich  in  phosphorus  but  richer  in  iron.  I  am  not 
yet  able  to  express  an  opinion  as  to  the  condition  in  which  the  phos- 
phorus exists  in  these  ores,  except  that  it  is  as  a  phosphate. 

Thinking  that  perhaps  a  study  of  the  naturally  occurring  com- 
pounds containing  phosphorus  in  the  shape  of  phosphoric  acid  might 
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List  of  Minerals. 


Per  ct. 

Name. 

Composition. 

Phos. 
Acid. 

Crystallization. 

Alluaudite  ..... 

Alteration  product  of  tripbylite. 

Amblygonite... 

A  mixture  of  phosphate  of  ahiminum  and 
fluoride  of  lithium    and  sodium,  with 
sometimes  a  little  potassium. 

47!37 

Triclinic. 

Amphithalite.. 

Hydrous   phosphate   of    aluminum,   con- 

30.06 

Unknown. 

taining  also  calcium  and  magnesium. 

Occurs  massive. 

Andrewsite 

Hydrous  phosphate  of  iron  and   copper. 

15.86  ? 

Unknown. 
Occurs  massive.! 

Apatite 

Tribasic  calcium  phosphate,  pure. 

45.81 

Hexagonal.         1 

Attacolite 

Hydrous  phosphate  of  ahiminum,  calcium 

36.06 

Unknown.           | 

and    manganese,  containing  also  iron, 

Occurs  massive. 

and  a  little  sodium  and  magnesium. 

Augelite 

Hydrous  phosphate  of  aluminum,  contain-  35.61 

Unknown.           | 

ing  also  a  little  calcium,  iron,  and  man- 

Occurs massive. 

ganese. 

Autiinite 

Hydrous  phosphate  of  uranium  and  cal-   15.46 
cium,  containing  also  sometimes  a  little' 

Rhombic. 

barium,    manganese,    magnesium    and 

tin.  (?) 

Barrandite 

Hydrous  phosphate  of  iron  and  aluminum.!  40.64 

Unknown. 
Occurs  massive. 

Beraunite  

Hydrous  phosphate  of  iron.                            28.65 

Monoclinic. 

Berlinite 

Hydrous  phosphate  of  aluminum   with  a   55.90 

Amorphous. 

little  iron. 

Beudantite 

A  mixture  of  liydrous  phosphate  and  sul- 
phate of  iron  and  lead,  with  sometimes 
a  little  arsenic  and  copper. 

8.97 

Hexagonal. 

Bobierite 

Tribasic  phosphate   of    magnesiimi   with 

water.                                         Not  above'  66.35 

Monoclinic. 

Borickite 

Hydrous  phosphate  of  iron  and  calcium,    19.92 

Unknown. 

with  sometimes  a  little  magnesinm. 

OcciB-s  massive. 

Brnshite 

Hydrous  monobasic  calcium  phosphate. 

41.29 

Monoclinic- 

Cacoxenite 

Hydrous  phosphate  of  iron  and  aluminum, 

21.00 

Unknown. 

.sometimes  with  silica  and  magnesium, 

Occurs  massive. 

and  a  little  zinc,  with  traces  of  fluorine. 

Calcioferrite  ... 

Hydrous  phosphate  of  iron  and  calcium,   34.01 

Monoclinic.  (?) 

containing  also  aluminum  and  magne- 

sium. 

Callainite 

Hydrous  phosphate  of  aluminum  with  a 

42.58 

Unknown. 

little  silica,  iron,  and  calcicum. 

Occurs  massive. 

Capnicite 

A  variety  of  wavellite. 

Chalcophyllite 

Hydrous  arsenate  of  copper  with  a  little 
iron,  aluminum  and  phosphoric  acid. 

i!56 

Hexagonal. 

Chalcosiderite . 

Hydrous  phosphate  of  iron   with  alumi- 
num and  copper. 

30.54 

Triclinic. 

Cbenevixite.... 

Hydrous  arsenate  of  iron  and  copper,  con- 

3.4 to 

taining  from  7.46  to  11.05  phos.  of  cal- 

5 

cium. 

Cberokine 

Var.   of    pyromorphite,   sometimes    con- 
tains only  lead  and  phosphoric  acid. 

... 

Childrenite 

Hydrous    phosphate   of  iron  and   alumi-   30.19 
num,  with  manganese,  and  a  little  mag- 
nesium and  calcium. 

Rhombic. 

Chlorapatite... 

Var.  of  apatite,  containing  chlorine.           '  40.93 

Hexagonal. 

Churchite 

Hydrous  phosphate  of  cerium,  with   cal- 
cium. 

28.48 

Monoclinic.  (?) 

MIJSERALS    CONTAINING    PHOSPHORIC   ACID. 


191 


List  of  ^linerah — [Continued). 


Name. 

Composition. 

Per  ct. 
Phos. 
Acid. 

Crystallization. 

Cirrolite 

Hydrous  phosphate  of  calcicum  and  alu- 

41.07 

Unknown. 

minum  with  a  little  .silica,  manganese, 

Occurs  massive. 

iron,  raagnesiiira,  and  lead. 

Clinoclasite 

Hydrous  arsenate  of   copper,  with   iron, 

Up  to 

calcium,  silica,  and  phosphoric  acid. 

1.50 

Monoclinic. 

Coeruleolactite 

Hydrous  phosphate  of  aluminum,  with  a 

36.86 

Unknown. 

little  calcium,  silica,  copper,  iron,  and 

Occurs  massive. 

magnesium. 

Conichalcite.... 

Hydrous  arsenate  and  phosphate  of  cop- 

8.81 

Unknown. 

per  and  calcium,  with  a  little  vanadium. 

Occurs  massive. 

Cornwallite 

Hydrous  arsenate  of  copper,  with  a  little 

2.15 

Amorphous. 

Cryptolite 

phosphoric  acid. 
Phosphate  of  cerium,  with  lanthanum,  di- 
dymium,  and  a  little  iron. 

27.37 

Hexagonal. 

Cyanochalcite.. 

A  mixture  of  hydrous  silicate  and  phos- 

6.95 

Unknown. 

Delvauxite 

phate  of  coj)per. 
Var.  ar.seniosiderite,  hydrous  phosphate  of 
iron,  and  calcium. 

6.25? 

Occurs  massive. 
(?) 

DemidofEte 

A  mixture  of  hydrous  silicate  and  phos- 

5.73 

Unknown. 

phate  of  coi>per,  with   a  little  magne- 

* 

Occurs  massive. 

sium  and  aluminum. 

Destinezite 

Phosphate  of  iron,  with  arsenic,  Tanadi- 
um,  aluminum,  and  calcium. 

? 

(?) 

Diadochite 

Hydrous  sulphate  and  phosphate  of  iron. 

14.82 

Monoclinic.  (?) 

Dickinsonite.... 

Hydrous    phosphate  of  manganese,  iron, 
and  calcium,  with  a  little  sodium. 

39.36 

Monoclinic. 

Dihj'drite 

Hydrous  phosphate  of  copper. 

24.72 

Monoclinic.  (?) 

Diifrenite 

Hydrous    phosphate   of    iron,   sometimes 
with  manganese,  aluminum,  and  a  little 

32.00 

Rhombic. 

Ehlite 

silica. 
Hydrous  phosphate  of  copper,  with  vana- 
dium. 

23.97 

Rhombic. 

Eleonorite 

Hydrous  pliosphateof  iron. 

31.88  Monoclinic. 

Eosphorite 

Hydrous   phosphate   of    manganese,  alu- 
minum, and  iron,  with  a  little  calcium 

31.05  Rhombic. 

1 

and  sodium. 

Epi  phosphorite.. 

Alteration  product  of  apatite. 

Eupyrchroite... 
Eusynchite 

Var.  of  apatite. 

Var.  of  dechenite,  vanadate  of  lead  and 

Li4 

Unknown. 

zinc,  containing  also  phos.  acid,  copper. 

Occurs  massive. 

and  arsenic. 

Evansite 

Hydrous  phosphate  of  aluminum. 

18.38 

Unknown. 
Occurs  massive. 

Fairfieldite 

Hydrous  tribasic  phosphate  of   calcium, 
with  manganese  and  iron. 

39.00 

Triclinic. 

Ficinite 

Mixture  of  hydrous  phosphate  and  sul- 

12.82 

Unknown. 

phate   of    iron    and    manganese,    with 

Occurs  massive. 

small  amounts  of  calcium  and  silica. 

Fillowite 

Tribasic    phosphate   of  manganese,  iron. 

34.40?  Monoclinic. 

calcium,  and  sodium,  with  a  little  water. 

Fischerite 

Hydrous  phosphate  of  aluminum,  with  a 

28.96 

Rhombic. 

Flnorapatite... 

little  iron,  copper,  and  manganese. 
Var.  of  apatite,  containing  fluorine. 

42.26 

Hexagonal. 

Fritzscheite.... 

Var.    of    autunite,    containing    uranium, 
manganese,   vanadium,  phos.  acid,  and 
water. 

? 

Tetragonal. 
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List  of  Minerals — {Continued). 


Per  ct.  1 

Name. 

Composition. 

Phos.      Crystallization. 
Acid. 

Globosite 

Var.  of  dufrenite  (?),  a  mixture  of  hydrous 

28.89   Unknown. 

phosphate  of  iron  and  calcium  fluoride 

Occurs  massive. 

with  magnesiim),  a  little  copper  and  sil- 

ica, and  a  trace  of  arsenic. 

Goyazite 

Hydrous  phosphate  of  aluminum  and  cal- 

14 87  iUnknown. 

cium. 

Occurs  massive. 

Guano 

Tribasic    calcium    phosphate,    with    alu- 
minum, iron,  etc.,  and  organic  matter, 

30      Amorphous. 

to 

am.  urate,  etc. 

35 

Hannayite...... 

Hydrous  phos.  of  ammonium  and  mag- 
nesium. 

45.70 

Triclinic 

Hedyphane 

Var.  of  mimetite,   arsenate,  and  chloride 
of  lead,  with   phos.  acid,  calcium,  and 
sometimes  barium. 

3.19 

Monoclinic.  (?) 

Henwoodite.... 

Hydrous  phos.  of  aluminum,  containing 

48.94 

Unknown. 

copper. 

' 

Occurs  massive. 

Herderite 

A  mixture  of  phosphate  and  fluoride  of 
calcium  and  beryllium,  sometimes  con- 
taining aluminum. 

44.31 

Rhombic. 

Heterosite 

Var.  of  triphylite,  hydrous  phos.  of  iron, 

41.77 

Rhombic  or 

and  manganese. 

Monoclinic. 

Hopeite 

Hydrous  phosphate  of  zinc,  with  a  little 
cadmium. 

31.07 

Rhombic. 

Hureaulite 

Hydrous   phosphate   of  manganese,  and 
iron,  with  a  little  silica. 

39.00 

Monoclinic. 

Hydroapatite... 

Alteration  product  of  apatite,  containing 
water  (and  fluorine). 

40.00 

Unknown. 

Isoclasite 

Hydrous   tribasic   phosphate  of  calcium, 
with    calcium    hydrate ;    contains,  also, 
magnesium,    sodium,  and  a  little  iron 
and  aluminum. 

31.95 

Monoclinic. 

Kampylite 

Var.  of  mimetite,  arsenate  and  chloride  of 
lead,    with    phos.   acid,    calcium,    and 
tiaces  of  chromium. 

3.34 

Hexagonal.  (?) 

Kollophane 

Tribasic   phos.  of  calcium,  with  calcium 
carbonate. 

? 

(?) 

Koninckite 

Hydrous  phosphate  of  iron. 

34.80 

Korarfveite 

Phosphate  of  cerium,  lanthanum  and  di- 

27.38 

Unknown, 

dymium  ;  containing,  also,  fluorine  and 

Occurs  massive. 

a  little  calcium  and  iron. 

Laxmannite.... 

A  mixture  of  chromate  and  phosphate  of 
lead  and   copper,  with  a  little  iron  and 
water. 

8.41 

Monoclinic. 

Laziilite 

Hydrous  phos.  of  aluminum,  magnesium, 

43 

and  iron  ;  sometimes  containing  a  little 

to 

Monoclinic. 

calcium,  manganese,  silica,  and  copper. 

45 

Leucochalcite.. 

Hydrous  arsenate  of  copper,  with  a  little 
calcium,  magnesium,  and  phos.  acid. 

1.60 

Unknown. 

Libethenite 

Hydrous  phosphate  of  copper,  with  some- 
times a  little  arsenic  and  iron. 

29.76 

Rhombic. 

Lime- Wavell- 

Var.  of  wavellite,   hydrous   })hos.  of  alu- 

24.10 

Unknown. 

ite 

minum   and  calcium  ;  containing,  also, 
silica,  sodium,  potassium,  iron,  magne- 

Occurs massive. 

sium,  carbonic  acid,  and  fluorine. 

Liroconite 

Hydrous  arsenate  of  copper,  with  alumi- 

3-4 

Monoclinic. 

num,  phos.  acid,  iron,  and  silica. 
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List  of  Minerals — {Continued). 


Per  ct. 

Name. 

Composition. 

Phos. 
Acid. 

Crystallization. 

Lithiophylite .. 

Var.  of  triphylite,  phospliate  of  iron,  man- 
ganese, iron,  and  lithium. 

45.53 

(?) 

Ludlamite 

Hydrous  phospliate  of  iron. 

29.90 

Monoclinic. 

Liiueburgite.... 

A  mixture  of  hydrous  phosphate  and  bor- 

29.85 

Unknown. 

ate  of  magnesium,  with  a  little  fluorine. 

Occurs  massive. 

Melanchlor 

Var.  of  tryphilite,  hydrous  phosphate  of 
iron,  with  manganese. 

? 

(?.' 

Metabrnshite  .. 

Hydrous  monobasic  phosphate  of  calcium, 
with  a  little  magnesium,  iron  and  alu- 
minum. 

42.72 

Monoclinic. 

Miesite  

Var.  of  pyromorphite,  containing  6.4  per 
cent,  calcium  oxide. 

Mimetite 

Arsenate  and  chloride  of  lead,  with  some 
phos.  acid  and  calcium. 

3.19 

Hexagonal. 

Miriquidite 

Hydrous  phosphate  and   arsenate  of  lead 
and  iron. 

9 

Flexagonal. 

Monazite 

1 

Phosphate  of  cerium  and  lanthanum;  con- 
taining, also,  sometimes  didymium,  tho- 
rium, tin,  manganese,  calcium,  magne- 
sium, silica,  and  water. 

28-29 

Monoclinic. 

Monazitoid 

Var.  of  monazite,  containing  tantalum. 

17.94 

Monoclinic. 

Monetite 

Monobasic  phosphate  of  calcium. 

Var.  of  amblygonite,  hydrous    phosphate 

52.20 

Triclinic. 

Montebrnsite... 

49.00 

Triclinic.  (?) 

of  aluminum,  containing  fluorine,  lith- 

ium, and  sodium. 

Newberyite 

Hydrous  monobasic  phos.  of  magnesium. 

41.25 

Rhombic. 

Olivenite 

Hydrous  arsenate  of  copper,  with  phos. 
acid,  and  sometimes  a  little  iron. 

3.44 

Rhombic. 

Ornithite 

Var.  of  metabrnshite. 

Peganite 

Hydrous  phosphate  of  aluminum,  with  a 
little  copper  and  iron. 

3i.'26 

Rhombic. 

Pharmacosid- 

Hydrous  arsenate  of  iron,  with  phos.  acid 

2.53 

Regular. 

erite. 

and  a  little  copper. 

Phosphochrom 

Mixture  of  chromate  and   phos.   of  lead 

9  94 

Unknown. 

ite. 

and  copper,  with  a  little  iron  and  water. 

Phosphorite  ... 

Amorphous  phos.  of  calcium  ;  containing, 
also,  aluminum,  iron,  and  silica — hardly 
to  be  classed  amt)ng  mineral  species. 

20.40 

Phosphiiranyl- 

Hydrous  phos.  of  uranium,  with  lead. 

11.30 

Unknown. 

ite. 

Occurs  massive. 

Picite 

Hydrous  phosphate  of  iron. 

Var.  of  wavellite;  hydrous   phos    of  alu- 

24.47 

Amorphous. 
Unknown. 

Planerite 

V 

minum,  with  copper  and  iron. 

Pliimbogum- 

Hydrous  phosphate  of  lead  and  aluminum. 

1.4 

Unknown. 

raite. 

with  a  little  sulphuric  acid,  and  some- 

to 

Occurs  massive. 

times  a  little  iron,  calcium,  silica,  man- 

25.5 

ganese,  chlorine,  and  carbonic  acid. 

Probably  a  mixture  of  phosphate  of 

lead  and  hydrate  of  aluminum. 

Poiysphserite... 

Var.  of  pyromorphite,  containing   11  per 

? 

Unknown. 

cent.  phos.  of  calcium. 

Occurs  massive. 

Pseiidoapatite.. 

Var.  of  apatite. 

Hexagonal. 

Pseudolibeth- 

Var.  of  libethenite,  but  contains  twice  as 

Hexagonal. 

enite. 

nmch  water. 

Rhombic. 

Pseudomalach- 

Hydrous  phos.  of  copper,  with  sometimes 

21.14 

Monoclinic. 

ite. 

a  little  iron,  arsenic,  and  selenium. 
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List  of  3Iinerals — [Continued). 


Name. 

Composition. 

Pr.  ct. 
Phos. 
Acid. 

Crystallization. 

Psendotriplite. 

Var.  of  triplite;    hydrous  phos.  of  iron, 

35.7 

Unknown. 

Pyromorphite.. 

with  manganese. 
A  n)ixtiire  of  phosphate  and   chloride  of 
lead  ;  containing,   also,   sometimes  alu- 
minum, arsenic,  calcium,  iron,  chromi- 

15.73 

Occurs  massive. 
Hexagonal. 

Pyrophosphor- 

"ite. 
Reddingite 

um  and  silica. 
Phos.  of  calcium,  with  a  little  magnesium. 

Hydrous  phos.  of  manganese,  sometimes 

51.67 
34  74 

Unknown. 
Occurs  massive. 
Rhombic. 

Rhabdopliane.. 
Richellite 

containing  iron. 
Hydrous  phos.  of  lanthanum,  didymium, 

yttrium  and  erbium. 
Hvdrous  phos.  of  iron  and  calcium,  with 

26.26 
28.67 

Unknown. 
Occurs  massive. 

Sarcopside 

some  aluminnm  and  a  little  fluorine. 
Var.  of  triplite?     Phos.  of  iron  and  man- 
ganese, with  a  little  calcium,  water,  and 

31.73 

Monoclinic.  (?) 

Scoviliite 

Sombrerite 

Spliaerite 

fluorine. 
Same  as  rhabdophane,  except  it  has  3.59 

per  cent,  carbonic  acid. 
See  phosphorite. 
Hvdrous  phos.  of  aluminum,  with  a  little 

... 

27'.69 

Unknown. 
Occurs  massive. 

Unknown. 

Spodiosite 

magnesium,  calcium,  and  silica. 
Phos.  of  calcium,  with   fluorine,  carbonic 
acid,  magnesium,  iron,  aluminum,  man- 

32.20 

Occurs  massive. 
Rhombic. 

Staffelite 

ganese,  arsenic,  chlorine,  and  water. 
Alteration   product    of  apatite;    contains 
calcium,  iron,  fluorine,  carbonic  acid,  al- 

39.05 

Hexagonal. 

Stercorite 

uminum,  water,  and  iodine. 
Hydrous  phos.  of  sodium  and  ammonium, 
with  sodium  chloride,  calcium  carbon- 

34.32 

Unknown. 
Occurs  massive. 

Strengite 

ate,  calcium  phosphate,  magnesium,  etc. 
Hvdrous  phosphate  of  iron. 

37.42 

Rhombic. 

Striegisan 

Impure  wavellile. 

Unknown. 

Striivite 

Hydrous  phos.  of  magnesium  and  ammo- 
nium, with  sometimes  a  little  iron  and 

28.97 

Occurs  massive.' 
Rhombic. 

Svanbergite.... 
Tagilite 

manganese. 
Hydrous  phos.  and  sulphate  of  aluminum 

and  sodium,  with  calcium  and  iron,  and 

sometimes  a  little  lead  and  magnesium. 
Hydrous  phos.  of  copper,  with  sometimes 

a  little  iron. 
Alteration  product  of  apatite,  containing 

17.80 
27.67 

Hexagonal. 
Monoclinic. 

Talcapatite 

43.11 

Hexagonal. 

Tavistockite  ... 
Thrombolite  ... 

magnesium,  iron,  chlorine,  and  sulphu- 
ric acid. 
Hydrous  phos.  of  calcium  and  aluminum. 

Hvdrous  phos.  of  copper,  with  a  little  sil- 

30.36 
41.00 

Unknown. 
Occurs  ma.ssive. 
Unknown. 

ica  and  aluminum,  and  sometimes  a  little 

Occurs  massive.l 

Torbernite 

antimony  and  iron. 
Hydrous   })hos.  of   uranium   and  copper, 
with  sometimes  a  little  arsenic,  silica. 

15.08 

Tetragonal. 

Triphylite 

and  calcium. 
Phos.  of   iron,  manganese,   and  lithium, 
with  a  little  sodium,  calcium,  magnesi- 

40.72 

Rhombic. 

um,  potassium,  silica,  and  water. 
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List  of  Minerals — {Concluded). 


1 

Name. 

Competition. 

j  Per  ct. 
Phos.      Crystallization. 
Acid. 

Triplite 

IPlios.  of  iron   and   manganese,  sometimes 
with  a  little  calcium,  magnesium,  sodi- 

32     Monoclinic.  (?) 
to 

Triploidite 

um,  fluorine,  water,  silica,  and  lithium. 
Phos.  of  manganese  and  iron,  with  a  little 

34 
32.11    Monoclinic. 

Trolleite 

water  and  calcium. 
iHvdrous  phos.  of  aluminum,  and  a  little 

47.80   Unknown. 

Tiirquois 

iron  and  calcium. 
Hydrous  phos.  of  aluminum,  with  a  little 
copper,  and  sometime.s  a  little  iron,  man- 

Occurs massive. 
33.55    Unknown. 

Occurs  massive. 

Uranocircite... 

Variscite 

Veszelyite 

ganese,  silica,  and  calcium. 
Hydrous  phos.  of  uranium  and  barium. 
Hydrous  phos.  of  aluminum. 
A  mixture  of  hydrous  phos.  and  arsenate 

15.06 

44.92 

9.01 

Rhombic. 
Rhombic. 
Monoclinic.  (?) 

Vivianite 

of  copper  and  zinc 
Hydrous  phos.  of  iron;  sometimes  with  a 
little  aluminum,  manganese,  silica  and 

28.29 

Monoclinic. 

Wagnerite 

organic  matter.     Consists  essentially  of 
water  and  ferrous  and  ferric  phosphate. 
Tribasic  phos.  of  magnesium,  with  fluor- 
ine, iron  and  calcium,  and  sometimes  a 

43.81 

Monoclinic. 

Waveilite  

little  manganese  and  aluminum. 
Hydrous  phos.  of  aluminum  ;  sometimes 
with  a  little  iron,   fluorine,  silica,  cal- 

35.22 

Rhombic. 

Westanite 

Wiserine 

cium,  and  manganese. 
Silicate  of  aluminum,  with  a  little  water, 

phos.  acid  and  iron. 
Var.  of  xenotime,  phosphate  of  yttrium, 

1.15 
37.51 

Unknown. 
Occurs  massive. 
Tetragonal. 

Xenotime 

and  cerium. 
Phos.  of  yttrium ;    sometimes,    also,  with 
cerium,   lanthanum,   didymium,  urani- 
um, titanium,  zirconium,  fluorine,  iron, 

38.53 

Tetragonal. 

Zepharovicliite 

Zeiigite 

Zwieselite 

and  silica. 
Hydrous  phos.  of  aluminum,  with  silica 

and  calcium 
Var.  of  metabrushite. 
Same  as  for  triplite,  but  contains  twice  as 

36.94 
32  to 

Unknown. 
Occurs  massive. 

Rhombic. 

much  iron  as  manganese. 

34 

lead  to  some  interesting  conclusions,  I  have  prepared  a  list  of  min- 
erals carrying  one  per  cent,  and  over  of  phosphoric  acid.  The  list 
includes  also  the  composition  of  each  mineral  and  its  crystal  habitus. 
There  are  141,  most  of  them  showing  no  crystal  system,  but  occur- 
ring massive.  Of  those  which  are  crystallized,  most  belong  to  the 
monoclinic  system  ;  next  in  order  being  the  rhombic,  with  almost  as 
many  as  the  monoclinic;  then  the  hexagonal,  with  about  half  as 
many  as  the  monoclinic ;  and  at  considerable  intervals  the  triclinic 
and  tetragonal,  with  one  (pharmacosiderite)  in  the  regular  system. 

Any  additions  or  corrections  that  can  be  made  to  the  list  will  be 
cordially  welcomed.     It  was  my  intention  to  discuss  some  of  the.se 
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minerals  more  at  length,  but  a  jirotracted  illness  has  prevented  all 
kinds  of  work,  and  I  submit  the  list  as  it  is. 

The  various  rock-phosphates,  such  as  South  Carolina  or  Charles- 
ton rock,  Navassa,  Florida,  etc.,  cannot  be  classed  among  mineral 
species.  They  may  be  regarded,  for  the  most  part,  as  more  or  less 
pure  trihasic  calcium  pho-;j)hate,  the  impurities  consisting  of  iron, 
aluminum,  carlx)nic  acid,  silica,  etc. 


A  PRELIMINARY  SKETCH  OF  THE  PHOSPHATES  OF 
FLORIDA. 

BY   GEORGE   H.    ELDRIDGE,"^  U.    S.    GEOLOGICAL   SURVEY,  WASHINGTON,  D.  C. 
(Baltimore  Meeting,  February,  1892.) 

Development  of  the  Industry. 

The  existence  of  phosphate  of  lime  within  the  State  of  Florida 
has  been  known  for  over  a  decade;  but  until  the  spring  of  1887,  the 
extent  and  value  of  its  deposits,  possibly  with  one  exception,  were 
unsuspected.  In  that  year  Col.  T.  S.  ^Nloorehead,  induced  by  a 
statement  made  by  Mr.  J.  F.  Le  Baron,  examined  the  gravels  of  the 
Peace  river,  recognized  the  importance  of  the  deposits,  acquired  such 
tracts  as  were  regarded  as  desirable,  and  established  the  pebble-phos- 
phate industry,  making  his  first  shipment  in  May,  1888,  to  the  Scott 
Manufacturing  Company,  of  Atlanta,  Ga. 

The  establishment  of  the  pebble-phosphate  industry  upon  Peace 
river  was  followed,  a  year  later,  by  the  discovery  in  Marion  county 
of  an  entirely  diffei'ent  class  of  phosphate,  now  commonly  known 
as  hard-rock  phosphate.  This  discovery  was  made  early  in  June, 
1889,  by  Mr.  Albertus  Voght,  in  a  well  which  he  was  sinking  upon 
his  place  near  the  site  of  the  present  town  of  Dunnellon,  about  20 
miles  southwest  of  Ocala.  To  it,  more  than  to  any  other  cause,  is 
due  the  rapid  and  remarkable  development  of  the  present  great  in- 
dustry of  the  State.  It  was,  however,  ^Ir.  John  F.  Dunn,  of  Ocala, 
who  turned  to  advantage  the  accidental  discovery  of  Mr.  Voght. 
After  acquiring  a  knowledge  as  to  the  chemical  composition  and 
value  of  the  material,  Mr.  Dunn  and  his  associates  purchased  .several 
thousand  acres  of  land  and  organized  the  Dunnellon  Phosphate 
Company  for  active  operations.  From  Dunnellon  as  a  center,  pros- 
pecting rapidly  extended  in  all  directions,  until  at  the  present  day 
important  mines  have  been  opened  over  a  well-defined  tract  more 
than  200  miles  long  and  about  6  miles  wide.     This  tract  lies   par- 

*  Presented  with  tlie  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 
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allel  to  the  Giilf  coast,  at  an  average  distanoe  from  it  of  about  20 
miles,  and  extends  from  the  vicinity  of  Ricidand,  in  Pasco  county, 
northward  and  westward  nearly  to  the  Apalachicola  river. 

The  region  next  attracting  attention  lay  to  the  south  of  the  hard- 
rock  area,  in  the  vicinity  of  Bartow,  in  Polk  county.  This  is  the 
now  important  field  of  land-pebble  phosphate,  the  prospecting  of 
which  began  in  the  latter  part  of  1890. 

At  the  present  day,  phosphates  of  one  description  or  another,  of 
varying  value,  have  been  recognized  from  considerably  west  of  the 
Apalachicola  river,  eastward  and  southward  to  nearly  50  miles  south 
of  the  Caloosahatchee  river.  In  all  the  districts  mentioned,  mining 
is  conducted  on  a  large  scale,  the  shipments  constituting  a  heavy 
item  in  the  freights  of  the  several  railroads  of  the  State.  Not  only 
is  the  raw  material  consumed  in  large  quantities  in  the  United  States, 
but  heavy  shipments  are  also  made  to  various  ports  in  Europe. 

Topography. 

The  topography  of  Florida  is  the  result  of  dynamic  agencies  com- 
bined with  processes  of  sedimentation,  erosion,  and  chemical  solu- 
tion. While  the  western  portion  of  the  State  is  the  direct  southern 
extension  of  the  coastal  plain  of  the  Atlantic  and  Gulf  States,  and  is, 
therefore,  a  region  in  the  evolution  of  which  sedimentation  has  formed 
a  prominent  feature,  the  peninsular  portion,  on  the  contrary,  had  an 
independent  origin,  and  is  probably  a  modification  of  the  emerged 
crest  of  an  anticlinal  fold  that  extends  for  many  miles  beneath  the 
sea  on  either  side. 

The  high  upland  region  of  northern  Florida,  with  its  undulating 
surface,  red  soil  and  cultivated  fields,  presents  the  characteristic  to- 
pography of  the  Lafayette  formation,  by  which  it  is  underlain. 
The  southern  limit  of  this  elevated  area,  20  to  40  miles  south 
of  the  State  line  and  west  of  the  Suwanee  river,  is  marked  by  a 
somewhat  abrupt  and  serrated  slope,  separating  the  uplands  from 
the  low,  level,  ''flat-woods"  country  and  swamp-lands  which  are 
underlain  by  horizontal  Miocene  strata,  and  occupy  the  State  thence 
to  the  coast ;  east  of  the  Suwanee  river  the  topography  of  the  coastal 
plain  merges  into  that  of  the  peninsula  proper. 

The  topography  of  peninsular  Florida  exhibits  two  phases:  the 
one,  that  of  a  comparatively  high,  undulating  country;  the  other, 
that  of  flat  lowlands.  The  former  is  limited  to  a  broad  median  belt 
in  the  northern  half  of  the  peninsula;  the  latter,  with  slight  modi- 
fication, constitutes  the  entire  southern  half  of  the  peninsula,  and  in 
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the  northern  half  forms  along  the  coast  a  border  to  the  more  ele- 
vated central  region.  The  drainage  of  the  peninsula  is  essentially 
north  and  south,  although  all  the  streams  have,  along  some  portion 
of  their  length,  an  east  and  west  course,  which  carries  them  from  the 
interior  towards  the  periphery  of  the  State.  The  chief  rivers  of  the 
peninsula  are:  on  the  east  side,  the  St.  Johns  and  the  Kissimmee 
systems,  now  connected  by  canals,  the  latter  draining  into  the  Gulf 
through  the  Caloosahatchee  river;  in  the  central,  more  elevated  re- 
gion, the  Ocklawaha;  on  the  we5t  side,  the  Santa  Fe,  Suwanee, 
Withlacoochee,  and  Peace  rivers.  The  water-sheds  of  these  streams 
are  nowhere  more  than  250  or  300  feet  above  sea-level.  Over  much 
of  the  central  area  there  is  a  vast  detail  of  topography  within  slight 
vertical  range  which  modifies  the  surface  into  a  confused  mass  of  hills, 
a  feature  largely  due  to  the  superficial  deposits  of  sands,  laid  down 
just  before  the  last  emergence  of  the  peninsula  from  the  sea.  In  the 
lowland  region,  the  elevations  between  the  rivers  are  hardly  percep- 
tible, except,  again,  for  local  modifications  by  sand-deposits;  the 
streams  are  sunk  with  sharp  banks  to  varying  depths  beueath  the 
general  surface;  the  topography  is,  in  fact,  that  of  an  extended, 
monotonous,  though  often  timbered  prairie. 

The  western  side  of  the  peninsula  is  that  with  which  this  pa[)er  is 
especially  concerned.  With  the  exception  of  the  river-pebble  de- 
posits of  Black  creek,  about  25  miles  south-southwest  of  Jackson- 
ville, the  entire  phosphate-belt,  as  at  present  developed,  is  confined 
to  this  region.  The  formations  involved  are  of  several  ages,  and  the 
topography  varies  accordingly.  From  the  vicinity  of  Dade  City,  in 
Pasco  county,  northward  nearly  to  the  State  line,  the  country  is  under- 
lain by  a  broad  belt  of  Eocene  limestones,  of  considerable  thickness 
and  without  stratification-planes.  Their  soft  materials  have  been 
subjected  to  erosion  and  solvent  processes  both  at  and  beneath  the 
surface.  The  rock  is  channeled  by  underground  streams,  the  presence 
of  which  is  determined  by  their  effects,  seen  in  numerous  sink-holes 
throughout  the  area  of  the  formation.  Depressions  occupied  by 
large  bodies  of  water  are  at  times  enn)tied  of  their  contents  through 
these  openings  and  channels,  and  it  is  further  probable  that  extended 
tracts  of  land  have  been  converted  into  lakes  by  the  general  lower- 
ing of  the  surface  through  the  removal  of  masses  of  the  underlying 
limestone.  The  Eocene  area  of  the  rock-phosphates  of  Florida  is, 
therefore,  undulating  and  irregular,  an  effect  further  heightened  by 
the  deposits  of  sands  from  the  last  submergence.  Beneath  the  region 
of  hard-rock  phosphates  in  western  Florida,  however,  the  formation 
is  of  Miocene  age,  and  consists  of  thin-bedded,  horizontal  limestones. 


200      PRELIMINARY    SKETCH    OF    THE    PHOSPHATES    OF    FLORIDA. 

The  topography  is,  therefore,  that  of  the  "flat-woods"  and  swampy 
lowlands,  with  natural  bridges  but  with  few  sinks.  The  general  ele- 
vation of  the  rock-phosphate  regions  is  less  than  75  feet  above  sea- 
level. 

In  the  angle  of  the  South  Florida  and  Florida  Southern  railroads, 
in  the  vicinity  of  Lakeland  and  Bartow,  lies  the  water-shed  of  the 
region  to  the  south  and  west.  It  reaches  an  altitude  of  208  feet  at 
Lakeland,  but  rapidly  falls  with  the  drainage  to  117  feet  at  Bartow, 
131  at  Plant  City,  and  elevations  still  lower  as  the  coast  is  ap- 
proached. The  underlying  beds  are  marls,  clays,  and  pebble-phos- 
phate, which  give  it  a  topographical  aspect  differing  considerably 
from  that  of  the  regions  just  described.  With  some  exceptions,  its 
general  appearance  is  that  of  the  ''flat-woods"  lowland  country, 
modified  into  a  gently  undulating  surface  by  the  superficial  deposits 
of  sands.  As  the  coast  is  approached,  it  graduates  into  the  vast  reaches 
of  flat  lowlands  so  characteristic  of  south  Florida  and  the  general 
coastal  border  of  the  State.  The  region  of  the  Peace,  Alafia,  Mana- 
tee, and  Caloosahatchee  rivers,  and  of  the  great  lakes  which  the  last 
drains,  is  of  the  true  lowland  type,  but  is  locally  modified  to  an 
irregular  surface  by  the  superficial  sands. 

There  are  evidences  throughout  the  phosphate-region,  and  also  in 
many  other  portions  of  Florida,  of  the  great  predominance  of  chemi- 
cal solution  over  mechanical  abrasion  in  the  cutting  of  stream- 
courses  and  the  moulding  of  general  topographical  features.  No- 
where in  the  United  States  are  these  forces  to  be  observed  in  such 
prevalence  at  the  present  day,  and  nowhere  are  the  evidences  of  their 
past  action  and  their  agency  in  the  development  of  both  topography 
and  geology  so  abundant. 

The  phos[)hate-regions  of  Florida  are  covered  either  with  a  heavy 
growth  of  pines,  as  in  the  sandy  areas,  or  with  deciduous  growths, 
as  in  the  region  of  sinks  and  in  the  peculiar  areas  known  as  hum- 
mock-lands. In  the  swamp-lands,  cypress,  oak,  gum,  ash,  magnolia, 
and  bay,  are  the  chief  timbers;  along  the  streams,  the  foregoing 
together  with  palmetto. 

Geology. 

The  geological  formations  of  Florida  include  strata  of  Eocene, 
Miocene,  Pliocene,  post-Pliocene,  and  Recent  periods.  The  present 
discussion  will  be  limited  to  those  directly  involved  in  the  geology 
of  the  phosphates. 

Eocene. — The  rocks  of  this  formation  are  chiefly  white,  gray,  or 
yellowish  limestones,  of  porous,  rotten,  or  marly  texture,  and  highly 
fossiliferous.      Their  permeability  to  water  renders  them  soft  and 
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easily  subject  to  disintegration,  although  exposed  surfaces  become 
hardened  through  atmospheric  agencies.  Siliceous  bodies  are  dis- 
tributed throughout  them.  Their  fossils  comprise  Nummulites,  Or- 
bitoides,  Eehinoderms,  and  a  host  of  raolluscan  forms.  The  thick- 
ness of  the  formation  varies,  but  it  has  been  penetrated  at  several 
points  to  depths  between  300  and  500  feet  without  reaching  the  base. 
Alteration  of  the  rocks  has  frequently  resulted  from  the  removal  of 
some  constituents  and  the  acquirement  of  others,  through  the  chemical 
agencies  to  which  they  have  constantly  i)een  subjected.  The  distri- 
bution of  the  Eocene  is  approximately  given  on  the  accompanying 
map ;  but  the  details  of  the  outline,  and  of  its  relations  to  the  forma- 
tions with  which  it  comes  in  contact,  are  obscured  by  the  deep 
mantle  of  recent  sands  and  by  the  presence  of  innumerable  swamps. 
Along  the  median  portion  of  the  Eocene  area,  with  a  north  and  south 
trend,  lie  the  heavy  deposits  of  hard-rock  phosphates. 

Miocene. — This  formation  embraces  two  clearly  defined  and  broad 
divisions ;  an  older  and  a  younger.  The  former  only  is  involved  in 
the  geology  of  the  phosphates.  Like  the  Eocene,  it  is  essentially  a 
limestone  formation,  but  with  the  difference  that  it  is  distinctly  bedded 
and  comprises  rocks  of  a  more  compact  nature,  of  greater  hardness, 
and  less  subject  to  disintegration.  The  individual  strata,  about  4  or 
5  feet  thick,  are  frequently  separated  by  softer  zones  of  approxi- 
mately the  same  material,  but  more  porous,  and  often  marly  in  ap- 
pearance. Like  the  Eocene,  this  limestone  contains  siliceous  bodies, 
and  has,  also,  locally  been  altered  to  phosphate  of  lime  of  great 
richness.  The  original  bedded  structure  has  been  retained  in  the 
developed  phosphate,  which,  unlike  that  of  the  Eocene  area,  is  still 
frequently  found  in  the  undisturbed  position  of  the  limestone  of 
which  it  is  the  altered  product.  The  fossils  include  a  most  charac- 
teristic species  of  Orbitolites,  together  with  Hemicardium,  Orthaulax, 
and  numerous  other  molluscan  forms.  The  Miocene  is  probably 
nmch  thinner  than  the  Eocene.  Both  the  area  of  the  formation  and 
that  of  the  phosphates  are  approximately  given  on  the  map,  but  the 
causes  of  obscurity  in  outline  already  noted  for  the  Eocene,  exist  also 
in  the  present  instance.  The  Miocene  phosphate-area  is  confined  to 
the  northern  and  western  part  of  the  State.  The  formation  directly 
overlies  the  Eocene,  and,  at  several  localities  in  northern  Florida,  is 
itself  overlain  by  the  red  sands  and  clays  of  the  Lafayette  series. 

Pliocene. — The  several  distinct  phases  of  the  Pliocene  formation 
exhibited  in  southern  Florida  include  marls,  clays,  and  limestones, 
and  a  unique  phosphate-deposit  locally  known  as  pebble-rock.     The 
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latter  possesses  special  interest  as  being  directly  the  source  of  a  most 
important  class  of  phosphate.  Its  type-locality  is  on  the  headwaters 
of  the  Peace,  Alafia,  and)  Manatee  rivers.  It  is  in  general  an  un- 
stratified  bed  of  so-called  pebbles  of  phosphate  of  lime,  in  a  clay  or 
arenaceous  matrix.  Both  matrix  and  pebbles  are,  normally,  white  in 
color.  The  matrix  is  soft,  friable,  and  pervious,  permitting  the  free 
percolation  of  subterranean  waters,  and,  when  first  mined,  has  a  con- 
sistency that  readily  permits  the  separation  of  its  contained  pebbles 
by  washing.  Upon  exjwsure  to  the  atmosphere,  the  rock  yields  up  its 
moisture  and  becomes  hard  and  resistant.  The  base  of  the  formation 
has  been  found  in  but  few  of  the  shallower  pits;  in  several  places 
a  depth  of  30  feet  has  been  reached  in  the  deposit  without  attain- 
ing the  bottom.  Its  thickness  is,  however,  variable,  the  result  of 
non-conformity,  of  transportation  of  its  material  by  erosive  action, 
and  of  causes  connected  with  its  mode  of  origin.  The  pebble- 
contents  amount  to  about  40  per  cent,  of  the  deposit.  The  distri- 
bution of  this  deposit  is  not  satisfactorily  determined.  The  area  of 
its  type-locality,  as  at  present  known,  is  roughly  outlined  on  the 
njap;  further  developments  may  extend  it  a  number  of  miles  beyond 
these  limits.  Beyond  the  type-locality,  an  allied  deposit,  though 
perhaps  of  partially  different  origin,  is  found  at  various  points  along 
the  eastern  side  of  the  Eocene  belt,  and  in  the  northern  part  of  the 
State,  in  the  vicinity  of  Waldo  and  Stark,  underlies  a  considerable 
area. 

The  age  of  this  deposit  has  not  yet  been  satisfactorily  determined. 
Mr.  W.  H.  Dall,  of  the  United  States  Geological  Survey,  has  pro- 
visionally assigned  to  it  a  position  in  the  series  of  Florida  Pliocenes, 
between  an  older  and  a  younger  member.  Where  observed  by  the 
writer  it  rests  unconformably  upon  both  Eocene  and  Miocene  forma- 
tions. Its  superficial  relations  to  adjacent  formations,  hov*ever, 
remain  obscure. 

The  clays  and  marls  of  the  Pliocene  are  yellow  or  white,  dis- 
tinctly stratified,  and  highly  fossiliferous.  In  certain  regions  they 
carrv  lavers  through  which  ])hosphate  grains  and  pebbles  of  a  still 
different  type  from  thosejust  described  are  quite  generally  distributed. 
The  productive  area  of  these  phosphate- bearing  clays  and  marls 
seems,  so  far  as  at  present  determined,  to  be  confined  to  the  regions 
of  the  Peace  and  Caloosahatchee  rivers  and  the  streams  entering  the 
Gulf  below  Tampa.  After  the  removal  of  the  marly  portions  of  these 
beds  by  chemical  solution  and  mechanical  action,  their  phosphatic 
material  has  become  an  increment  to  the  gravel  bars  already  in  pro- 
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cess  of  accumulation  in  the  streams  from  abrasion  of  the  pebble-rock 
underlying  the  watersheds.  The  thickness  of  Pliocene  marls  and 
clays  is  undetermined. 

Recent — The  deposits  of  this  age  include  the  superficial  sands, 
the  bodies  of  sand  and  gravel  occupying  the  early  river-beds  which 
now  underlie  the  bottom-lands,  and  the  sands  and  phosphatic  gravels 
of  the  present  channels. 

The  Structural  Development  of  Florida. — Peninsular  Florida,  as 
already  obse'ved,  is  probably  the  emerged  crest  of  an  anticlinal  fold 
that  extends  for  several  miles  beneath  the  sea  on  either  side.  At  the 
time  of  its  first  appearance  above  sea-level  the  Eocene  area  may  have 
been  peninsular,  as  at  present,  or  insular.  The  early  configuration 
of  the  fold  has  since  been  somewhat  changed  by  dynamic  influences, 
but  more  especially  by  the  acquisition  of  later  formations,  which  has 
always  been  to  the  east  or  south  of  the  land  already  formed.  Various 
formations  have,  from  time  to  time,  constituted  the  coast-lines  of  the 
peninsula,  affording,  with  the  deposits  brought  from  the  interior,  a 
great  variety  of  sediments  out  of  which  to  build  the  strata  of  later 
date.  The  early  building  of  the  peninsula,  perhaps  accompanied  by 
some  oscillations  and  changes  of  level,  continued  to  the  close  of  Plio- 
cene times.  At  this  point  in  its  history,  however,  the  entire  area  was 
again  submerged  to  receive  the  mantle  of  superficial  sands  which 
to-day  forms  such  a  prominent  feature  of  its  surface.  In  the  north- 
ern part  of  the  State,  the  development  has  been  more  closely  con- 
nected with  the  changes  in  level  to  which  the  main  continental  mass 
to  the  north  has  been  subjected,  and  with  the  deposition  of  later 
formations,  as,  for  instance,  the  Lafayette,  the  sediments  of  which 
were  derived  from  the  early  Appalachians. 

The  Phosphates. 

Florida  contains  four  distinct  and  widely  different  classes  of  com- 
mercial phosphate,  each  having  a  peculiar  genesis,  a  peculiar  form 
of  deposit,  and  chemical  and  physical  properties  that  readily  distin- 
guish it  from  any  of  the  others.  According  to  their  mode  of  occur- 
rence, or  some  predominant  characteristic,  these  classes  have  come 
to  be  known  as  "hard-rock"  phosphate,  "soft"  phosphate,  "  land- 
pebble"  or  "matrix-rock,"  and  "river-pebble."  Except  the  soft- 
phosphate,  they  underlie  distinct  regions,  but  a  slight  commingling 
of  the  material  of  one  class  with  that  of  another  is  frequently  observed. 
The  remarkable  variety  of  structure,  texture  and  material  thus  pre- 
sented by  the  Florida  phosphates  affords  evidence  of  complex  chemi- 


204     PRELIMINARY    SKETCH    OF    THE    PHOSPHATES    OF    FLORIDA. 

co-mechanical  processes  in  the  formation  of  the  deposits  ;  of  difference 
in  their  manner  of  genesis;  and  of  variation  in  the  sediments  heUlin 
suspension  and  in  the  soluble  contents  of  the  waters  during  their 
deposition. 

Hard-Rock  Phosphate. 

Type-rock. — The  type  of  this  class  may  be  regarded  as  a  hard, 
massive,  close-textured,  homogeneous,  light-gray  phosphate,  showing 
larger  or  smaller  irregular  cavities,  which  are  usually  lined  with  sec- 
ondary, mammillary  incrustations  of  phosphate  of  lime.  The  frac- 
ture is  angular  or  sub-conchoidal.  The  general  appearance  is  that 
of  a  limestone  deposited  by  precipitation  from  thermal  springs,  and, 
in  texture  and  structure,  finds  its  counterpart  in  the  pre-glacial  lime- 
stone deposits  of  the  Mammoth  Hot  Springs  of  the  Yellowstone  Na- 
tional Park.  The  incrustations  of  the  cavities  occur  in  all  stages  of 
development,  from  a  single  deposition  to  several  layers  in  thickness. 
The  cavities  frequently  contain  also  deposits  of  white,  clay-like 
phosphate  of  lime,  which  may  have  resulted  from  partial  solution 
and  the  attendant  mechanical  disintegration  of  the  surrounding  rock, 
or  from  like  disintegration  of  more  distant  portions,  the  material 
from  which  has  been  brought  within  its  present  walls  in  suspension 
in  percolating  waters.  After  the  deposition  of  this  material  upon 
the  sides  or  floors  of  the  cavities,  the  waters  have  receded,  and  the 
material  has  dried,  cracked,  and  hardened  even  to  rock-consistency. 
The  contents  of  phosphoric  anhydride  (P2O5)  in  the  type-rock  run 
slightly  above  or  below  36.65  per  cent. 

Variations  from  the  above  type  involve  changes  in  color;  in  the 
relative  proportion  of  included  space  to  the  mass  of  the  rock  ;  in  the 
shape,  distribution  and  nature  of  the  cavities ;  in  the  sediments 
brought  into  the  presence  of  the  rook  and  laid  down  within  its  in- 
cluded spaces  as  secondary  deposits;  in  the  mode  of  deposition  of  its 
constituents ;  and  in  the  subsequent  alterations  or  mechanical  changes 
which  the  phosphate  has  undergone.  One  or  several  of  these  varia- 
tions may  be  encountered  in  the  same  specimen  or  body  of  rock. 

Variation  due  to  color. — From  the  light-gray  or  drab  color  of 
the  type-phosphate  of  this  class,  there  are  variations  to  a  clear  white 
or  deep  brown  ;  to  a  series  of  whites,  yellows,  and  bulls  in  a  rock  of 
a  somewhat  different  nature;  or  to  a  blue  or  black  which  may  show 
itself  in  a  zone  bordering  the  fissures,  cavities,  and  the  exteriors  of 
those  rocks  which  have  been  exposed  to  the  action  of  water.  This 
variety  in  color  is  due  to  the  presence  of  either  iron  or  organic  matter, 
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or,  it  may  be,  of  both.  All  phosphates  contain  a  slight  amount  of 
iron,  which  analyses  show  to  be  quite  uniformly  distributed  through- 
out the  mass  of  the  rock  over  the  entire  field.  It  is  found  alike  in 
gray  and  brown  phosphate,  but  not  of  necessity  predominating  in 
either.  When  it  is  present  in  quantity,  it  is  more  frequently  found 
in  phosj)hate  carrying  secondary  deposits  of  sand,  either  in  the  body 
of  the  rock  or  in  its  cavities,  in  which  case  it  is  associated  with  the 
sands.  Coloring  from  organic  matter  has  been  little  studied  as  yet. 
The  apparent  distribution  of  iron  so  often  irrespective  of  color,  indi- 
cates organic  matter  as  a  frequent  and  potent  source  of  the  hitter. 

Variation  due  to  cavities. — The  included  spaces  of  hard-rock  phos- 
phates impart  a  variety  of  structure  widely  divergent  from  the  type, 
and  at  the  same  time  afford  certain  evidence  as  to  the  mode  of  origin 
of  the  rock.  The  cavities  appear  to  resolve  themselves  into  three 
classes,  according  to  their  mode  of  origin.  The  first  embraces  cavi- 
ties irregular  in  shape,  ranging  from  minute  size  up  to  12  (but 
usually  not  over  3)  inches  in  diameter,  which  have  probably  resulted 
from  the  solution  of  such  portions  of  the  original  rock  as  were  more 
readily  attacked  by  carbonic  and  other  acids  carried  in  percolating 
waters.  The  second  includes  cavities  considerably  extenuated,  sym- 
metrically disposed  with  reference  to  each  other,  in  lines  sometimes 
concentric,  sometimes  straight  or  slightly  wavy  and  j)aranel,  broken 
in  continuity,  and  giving  rise  to  an  extreme  type  known  as  laminated 
rock.  The  direct  gradation  which  may  be  traced  from  the  close- 
textured,  homogeneous,  massive  rock,  established  as  the  class-type, 
to  one  of  completely  laminated  structure  is  of  special  interest.  The 
observed  transition  and  its  resemblance  to  well-known  parallels  in 
other  rocks,  leave  little  doubt  as  to  its  origin,  namely,  either  direct 
precipitation  from  a  water-solution  within  a  cavity  or  upon  an  ex- 
posed surface,  or  the  replacement  of  carbonate  of  lime  first  deposited 
after  the  manner  of  calcareous  tufa  from  thermal  springs.  Cavities 
of  the  third  class  are  not  frequently  encountered,  but  may  occur  in 
great  numbers  within  a  comparatively  small  mass  of  rock.  They  are 
of  two  varieties :  one,  lenticular  in  shape,  never  over  ^  inch  in  length 
by  -^  or  ^2  J"ch  ^"  thickness,  resulting  from  the  removal  of  a  small 
nummulite  characteristic  of  Eocene  rocks  ;  the  other  much  more 
attenuated,  but  resulting  in  like  manner  from  another  Eocene  form, 
the  Orbitoides.  In  the  Miocene  phosphates  evidences  occasionally 
exist  of  the  former  presence  of  Orbitotites.  These  forms  are  recog- 
nized in  all  stages  of  solution,  disintegration,  and  removal;  and  the 
spaces  left  by  them  are  often  so  numerous  as  to  give  the  rock  a  honey- 
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combed  appearance.  They  afford  a  direct  key  to  the  origin  and  age 
of  this  class  of  phosphates,  namely,  alteration-products  of  Eocene  or 
Miocene  limestones. 

Variations  due  to  secondary  deposits. — In  addition  to  the  mara- 
millary  incrustations  lining  the  cavities  of  the  primary  rock,  nearly 
all  the  rock-phosphates  show  still  later  .secondary  deposits  of  phos- 
phate of  lime,  lying  within  the  incrustations,  and  filling  the  cavities 
completely  or  partially.  This  material  may  have  become  so  hard- 
ened as  to  result  in  a  composite  rock  which  now  shows  a  clean  frac- 
ture across  old  and  new  portions  alike.  In  the  cavities  partially 
filled,  the  material, — most  probably  a  sediment, — is  usually  much 
softer,  and  exhibits  cracks  of  contraction  from  the  recession  of  the 
waters  and  the  gradual  evaporation  of  all  moisture.  It  may  be  either 
pure  white,  as  often  in  the  more  typical  gray  phosphates,  or  buff  or 
yellow,  as  in  the  rock  originally  more  highly  colored;  in  the  latter 
case  the  material  often  shows  upon  fracture  either  an  irregularly 
mottled  appearance,  or  a  disposition  of  the  coloring  matter  in  layers. 
Occasionally  (and  especially  the  case  in  the  bedded,  Miocene  region) 
a  secondary  deposit  is  found  upon  what  was  originally  the  old  sur- 
face of  the  rock.  The  texture  of  the  secondary  deposits  is  either 
that  of  fine  clay,  or  a  sand  in  a  phosphatic  cement,  or  a  combination 
of  the  two.  In  either  case,  the  deposit  may  be  homogeneous  in  ap- 
pearance, or  may  show  delicate  though  distinct  lines  of  successive 
sedimentary  deposition. 

The  age  of  the  secondary  deposits  lies  wholly  within  the  Eocene 
and  Miocene  periods,  the  processes  by  which  they  were  laid  down 
continuing  to  the  close  of  the  latter.  Interruptions  to  sedimentation, 
indeed,  occasionally  took  place,  to  be  again  resumed  as  the  conditions 
became  more  favorable.  Evidence  in  support  of  the  foregoing  exists 
on  all  sides,  in  the  size  of  the  cavities,  in  the  various  stages  of  solu- 
tion and  disintegration,  in  the  character  of  the  mammillary  incrusta- 
tions, in  the  distinct  lines  of  deposition,  and  in  the  occasional  pres- 
ence of  even  two  periods  of  incrustation. 

In  regard  to  the  origin  of  the  secondary  deposits,  it  is  possible 
that  in  some  instances  it  may  be  found  in  precipitation,  but  present 
information  generally  points  to  deposition  of  suspended  matter  from 
quiet  water.  In  all  the  cavities  of  the  hard-rock  phosphate  as  .seen 
to-day  there  are  comparatively  recent  deposits  of  white  sand  and 
purple  clay.  There  is  no  question  as  to  its  manner  of  deposition, 
and  the  hypothesis  of  like  mechanical  sediments,  at  the  time  of  the 
early  formation  of  the  secondary  phosphate  in  the  cavities  of  the  older 
rock  is  quite  admissible. 
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Variations  resulting  from  alterations. — These  are  two  :  one,  a 
breccia;  the  other,  a  product  of  disintegration. 

The  brecciated  variety  is  evidently  the  result  of  a  re-cementing  by 
phosphatic  material  of  the  fragments  of  a  hard-rock  phosphate,  or 
else  the  alteration  to  a  phosphate  of  an  earlier,  brecciated  limestone, 
in  which  there  has  been  a  pseudomorphic  deposition  of  the  phosphate 
after  the  shape  of  the  older  fragments.  This  variety  of  rock  is  not 
of  general  occurrence,  although  found  at  several  localities  in  the 
hard-rock  belt. 

Disintegration  of  the  hard-rock  in  various  stages  of  progress  is 
frequently  encountered.  The  process  may  have  been  conducted  with 
homogeneous  effect  throughout  the  entire  body  of  a  rock ;  it  may 
form  a  zone  upon  the  exterior;  or  upon  breaking  open  the  rock,  va- 
rious portions  may  be  found  softened  and  ready  to  be  removed  if 
once  reached  by  percolating  waters.  A  large  body  of  hard  rock  may 
have  been  thus  disintegrated  into  a  mass  consisting  partly  of  fine 
angular  fragments,  partly  of  a  soft  impalpable  material,  the  extreme 
of  the  action.  Through  the  latter  the  hard-rock  passes  into  the 
variety  locally  known  as  soft  phosphate.  A  distinction,  however,  is 
to  be  made  between  these  two  varieties  on  account  of  the  lower  com- 
mercial value  of  the  finer,  or  soft  phosphate  proper,  which  contains 
a  lower  amount  of  phosphate  of  lime  and  a  higher  percentage  of  iron 
and  alumina.  At  several  of  the  mines  this  point  has  been  recog- 
nized, and  the  material  has  been  designated  as  "  No.  1,"  "  2,"  or  "  3  " 
fine,  or  as  ''softs"  and  "fines."  The  fine  angular  matter  is,  in 
reality,  precisely  similar,  chemically  and  physically,  to  the  large  un- 
altered rock-masses.  The  disintegration  of  this  class  of  rock  has 
probably  occurred  since  Eocene  times. 

Fossils  of  the  hard-rock. — The  phosphate  of  this  class  does  not 
generally  contain  fossils,  but  casts  or  impressions  of  them  are  not  in- 
frequently met  with.  The  fossils  vary  according  as  the  original  rock 
from  whfch  the  phosphate  has  been  derived  was  of  Eocene  or  Mio- 
cene age. 

Soft  Phosphates. 

The  name  "soft  phosphate"  has  been  arbitrarily  given  to  a  class 
of  material  occurring  in  connection  with  the  hard-rock  phosphate 
over  the  entire  region  in  which  the  latter  is  found.  In  general  usage, 
it  designates  anything  phosphatic  that  is  not  distinctly  hard  rock, 
including,  on  the  one  hand,  the  material  resulting  from  the  disinte- 
gration of  the  hard  rock,  and,  on  the  other,  highly  phosphatic  clays 
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and  sands.  At  times  it  has  even  been  applied  to  the  pebble-deposits 
of  the  next  class.  Under  this  broad  use  of  the  term,  it  is  evident 
that  the  quality  of  the  soft  phosphates  must  be  very  variable,  chemi- 
cal analyses  showing  marked  diiferences  in  their  contents  of  phos- 
phate of  lime,  iron,  and  alumina.  There  are  thus  several  grades  of 
soft  phosphate,  the  j)urest  of  which  is  the  homogeneous  and  clean 
product  of  alteration  from  hard  rock.  The  quality  of  the  other 
grades  varies  according  to  the  amount  of  sand  and  clay  either  con- 
tained in  the  original  rock  or  mingled  with  the  phosphate  in  the 
process  of  re-deposition.  This  material,  together  with  the  disinte- 
gration-product of  the  hard  rock,  forms,  by  reason  of  its  general  dis- 
tribution, and  the  but  partially  successful  attempts  thus  far  to  employ 
it  in  the  manufacture  of  fertilizers,  one  of  the  most  serious  problems 
of  the  economic  working  of  the  hard-rock  deposits. 

The  phosphoric  anhydride  (P2O5)  rarely  averages  22.90  per  cent, 
of  the  mass. 

Land-Pebble  Phosphate. 

The  pebbles  constituting  this  class  vary  in  size  and  shape,  but  are 
normally  of  uniform  texture,  color,  and  chemical  contents.  They 
are  white,  but  when  subjected  to  percolating  or  stream -waters,  be- 
come dark  gray  or  almost  black.  The  exterior  is  smooth  and  glossy, 
and  there  is  a  thin  outer  zone  of  closer  texture  and  greater  density 
than  the  average  for  the  entire  pebble.  The  pebbles  are  composed 
either  of  an  earthy  material  carrying  fossil  remains,  grains  of  quartz, 
and  pisolitie  grains  of  lime  phosphate,  or  else  of  a  material  resem- 
bling ill  texture  and  appearance  the  yellow,  white,  or  gray  varieties 
of  hard-rock  phosphate.  They  range  from  minute  size  to  that  of  an 
English  walnut.  The  fossils  observed  in  them  have  not  been  suffi- 
cient for  the  determination  of  their  age,  and  consequently  are  insuffi- 
cient for  inference  as  to  their  derivation. 

The  phosphoric  anhydride  (P.2O5)  averages  about  32.06*  per  cent. 

River-Pebble  Phosphate. 

The  designation  "river-pebble"  is  based  on  the  usual  manner  of 
occurrence  of  this  class  of  phosphate.  The  type,  however,  is  found 
not  only  in  the  rivers  of  to-day,  but  also  in  the  broad  deposits  filling 
their  ancient  channels,  in  coastal  sands,  and,  again,  in  certain  hum- 
mock-lands, as  on  the  upper  Caloo.sa  ha  tehee  river.  Along  Peace 
river,  where  it  has  been  most  studied,  it  occurs  in  bars  in  both  the 
present  and  ancient  river-channel,  into  which  it  has  been   washed 
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from  the  bordering  beds  of  clay  and  marl  on  either  side,  and  from 
the  land-pebble  deposits  which  underlie  the  water-shed.  The  pebbles 
are  blue,  black,  or  dark  gray  outside,  gray  or  yellowish-brown  inside, 
and  range  up  to  an  inch  in  diameter.  In  internal  structure  they 
are  close-textured  and  homogeneous,  but  not  infrequently  cavities 
occur  in  them,  the  result  of  chemical  solution,  or,  more  rarely,  of  the 
disappearance  of  fossil  remains.  With  the  pebbles  are  associated 
remnants  of  bone  and  teeth  of  various  animals  and  the  {)hosphatized 
casts  of  shells,  the  latter  being  particularly  a  feature  of  the  Caloosa- 
hatchee  deposits,  fully  50  percent,  of  the  phosphate  of  which  is  thus 
constituted.  The  shell-casts  siiow  a  slight  amount  of  attrition,  but 
in  many  cases  their  original  form,  even  to  the  beaks  of  bivalves  and 
the  markings  of  univalves,  is  distinctly  preserved.  The  exterior 
and  interior  color  of  the  casts  and  bones  are  the  same  as  of  the  peb- 
bles proper.  The  internal  structure  of  the  bones,  however,  has 
usually  been  fairly  preserved.  In  the  stream  deposits  of  western 
Florida  bones  of  all  sizes  occur,  constituting  the  bulk  of  the  de- 
posits. 

The  Caloosahatchee  pebble  is  largely  mixed  with  the  white  (car- 
bonate of  lime)  remains  of  Pliocene  and  post-Pliocene  shells,  de- 
rived from  beds  which  border  the  stream  for  its  entire  length.  Sand 
and  clay  are  also  found  with  the  pebbles,  but  the  shells  serve  at  once 
as  a  distinguishing  feature,  these  being  almost  wholly  absent  from  the 
deposits  of  the  other  streams. 

The  pebbles  of  Black  creek,  which  enters  the  St.  Johns  from  the 
west,  about  20  miles  south  of  Jacksonville,  somewhat  resemble  those 
of  Peace  river,  but  are  lighter  in  exterior  color,  being  usually  a  light 
brown. 

The  deposits  of  the  Withlacoochee  river  are,  for  the  most  part, 
derived  from  the  hard-rock  phosphate  through  which  the  river  has 
cut  its  course.  They  differ  from  the  rock  of  the  land  only  in  the 
black  color  imparted  by  the  action  of  water.  With  the  river  de- 
posits of  the  Withlacoochee  also,  are  found  bones  of  large  animals 
in  great  abundance. 

The  Peace  river  pebbles  average  in  phosphoric  anhydride  (P2O5) 
about  28.40  per  cent.;  the  Black  creek,  20.61  per  cent. 

The  Deposits. 
Hard-Roch  and  Soft  Phosphate. 
Eocene  area. — The  deposits  of  these  classes  in  the  Eocene  area  lie 
in  a  narrow  median  belt,  approximately  150  miles  in  length,  roughly 
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parallel  to  the  present  Gulf  coast,  at  a  distance  of  between  25  and 
50  miles,  according  to  the  sinuosities  of  the  latter.  Essentially, 
the  hard-rock  phosphate  occurs  as  a  boulder-deposit  in  a  soft  matrix 
of  phosphatic  sands,  clays,  and  other  material  resulting  from  the 
disintegration  of  the  hard-rock  and  constituting  the  soft  phosphates. 
The  component  materials  lie  in  the  utmost  confusion,  the  only  ap- 
proach to  order  being  a  division  into  superficial  sands,  containing 
little  hard-rock  or  other  phos])hate,  and  the  boulder-formation  proper, 
with  its  associated  matrix,  which  immediately  underlies  these  sands, 
an  uneven  line  of  non-conformity  existing  between  the  two.  The 
greatest  depth  yet  reached  in  the  formation  is  about  60  feet,  but  the 
thickness  of  the  deposit  will  naturally  vary  from  point  to  point. 

The  mantle  of  superficial  sands  is  also  variable,  between  a  few 
inches  and  20  feet,  the  depth  generally  being  under  10  feet.  The 
sands  are  light  or  rusty  brown,  and  consist  of  quartz  grains  of 
medium  coarseness  loosely  held  together  in  a  ferruginous  cement ; 
they  are  very  uniform  in  composition,  and  exhibit  no  stratification 
or  other  lines  of  deposition.  Not  infrequently  boulders  of  hard-rock 
have  been  included  in  the  sand,  but  they  are  generally  only  the 
upper  members  of  the  deposit  below,  from  around  which  the  older 
material  has  been  carried  away.  The  base  of  the  superficial  sands  is 
a  wavy  plane;  its  line  of  deraarkation  from  the  material  below  may 
be  either  distinct  or  there  may  be  a  gradation  in  color  and  phosphatic 
contents  from  the  one  deposit  to  the  other. 

The  phosphate-deposit  proper  is  white.  The  boulders  are  of 
irregular  though  somewhat  rounded  outline,  vary  in  diameter  from 
2  or  3  inches  to  8  or  10  feet,  lie  imbedded  in  all  positions,  and  are 
encountered,  singly  or  in  groups,  to  the  greatest  depths  yet  attained. 
A  recent  pit  on  the  Dunnellon  property  showed  an  irregularly  py- 
ramidal accumulation  of  them  which  was,  so  far  as  uncovered,  20 
feet  high,  100  long,  and  40  wide.  Every  form  of  assemblage  is 
encountered,  and  it  is  this  feature  that  causes  so  great  a  variation  in 
the  cost  of  mining.  Boulders  of  every  lithological  variety,  massive, 
'aminated,  intermediate,  or  in  the  various  stages  of  disintegration,  are 
found  at  all  points.  Besides  the  soft  phosphate  proper,  the  material  of 
which  the  matrix  of  the  deposit  is  composed  includes  a  white  quartz 
sand,  the  grains  of  which  are  more  or  less  strongly  held  together  by 
a  white  phosphatic  cement,  and  a  clay,  usually  drab,  but  not  infre- 
quently blue,  green,  white,  or  orange,  which  occurs  in  large  irregular 
bodies  in  the  midst  of  the  other  members  of  the  deposit,  or  com- 
pletely surrounds  the  Individual  bo  ulders.    Both  sand  and  clay  con- 
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tain  more  or  less  phosphate  of  lime  in  finer  particles,  resulting  from 
a  general  distribution  of  the  disintegrated  portions  of  the  boulders 
during  deposition.  At  the  same  time  there  was  also  in  suspension 
in  the  waters  a  still  finer  sediment,  which  silted  out  with  these  mate- 
rials, rendering  the  clays  themselves  often  highly  phosphatic,  and 
forming  between  the  grains  of  sand  the  cement  holding  them  to- 
gether. The  bodies  of  clay  occasionally  show  a  trace  of  lamination, 
more  distinctly  marked  in  some  localities  than  in  others.  These 
sands  and  clays  have  become  lodged  in  the  pores  and  cavities  of  the 
hard-rock,  and  form  a  considerable  portion  of  its  impurities.  Fine 
crushing  is  required  to  liberate  the  sand  completely,  while  even 
this  means,  with  calcination  added,  will  not  free  the  rock  from  the 
clay.  It  is  probable  that  washing  will  sooner  or  later  be  added  to 
the  methods  already  in  use,  for  the  treatment  of  at  least  a  portion  of 
the  mined  product. 

The  line  between  the  true  phosphate-deposit  and  the  superficial 
sands  is  often  marked  with  more  or  less  hard-rock  gravel,  derived 
from  the  boulders  below,  the  pieces  generally  showing  a  certain 
amount  of  wear  from  having  been  rolled  about.  This  gravel  is 
of  universal  distribution,  but  varies  in  amount  from  point  to 
point. 

Throughout  the  hard-rock  deposits  of  the  Eocene  area  none  of  the 
hard-rock  has  been  found  in  its  original  position.  By  the  side  of 
the  phosphate  boulders  in  the  same  pit  may  occur  others,  siliceous 
or  of  limestone.  So  far  in  depth  as  explorations  have  reached,  this 
condition  prevails,  and  it  is  doubtful  if  any  other  exists  above 
water-level,  which  is  now  but  little  below  some  of  the  deeper  pits. 

The  distribution  of  the  rock-phosphates  of  the  Eocene  area  is 
irregular.  In  some  localities  heavy  deposits  exist,  while  in  others 
there  may  be  none  at  all.  The  extent  of  those  portions  of  the  belt 
thus  far  yielding  to  the  prospector  no  evidence  of  phosphates,  it  is 
impossible  to  conjecture.  While  a  general  examination  has  been 
made  of  the  entire  area,  the  lines  of  productive  and  unproductive 
areas  have  been  established  in  but  few  instances.  The  southern 
limit  of  the  Eocene  belt  is  in  the  vicinity  of  Richland,  in  Pasco 
county.  Fi'om  this  point  it  follow^s  the  course  of  the  Withlacoochee 
river,  lying  generally  to  the  west  of  the  stream,  until,  at  Dunnellon, 
where  the  river  turns  sharply  to  the  west,  the  deposits  cross  it  and 
hold  their  course  with  slight  deviation  to  the  vicinity  of  Fort 
White  and  Ichetucknee,  whence  the  belt  turns  westward,  and  ap- 
pears finally  productive  in  the  vicinity  of  Luraville  on  the  Suwanee 
river. 
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Miocene  area. — While  the  hard-rock  phosphate  of  this  area 
closely  resembles  that  of  the  Eocene  in  its  lithological  characteris- 
tics, there  are  several  important  diiferences  in  its  manner  of  occsr- 
rence.  Chief  among  these  are :  the  position  of  the  hard  rock  in 
situ  in  several  localities,  the  bedded  character  of  the  deposit,  and  the 
absence  of  soft  phosphate.  These  features  are  largely  due  to  the 
differences  between  the  original  strata  of  the  Miocene  and  Eocene 
ages,  which  have  been  the  sources  of  their  respective  phosphates. 
Further  differences  are  due  to  the  genesis  of  the  deposits.  The  same 
process  of  phosphatization  has  been  carried  on  in  the  Miocene  area 
as  in  the  Eocene,  but  the  breaking  np  and  re-sorting  of  the  mate- 
rials, so  complete  in  the  latter  area,  has  not  been  carried  so  far  in  the 
former.  The  hard -rock  in  the  Miocene  area  *is,  indeed,  found  as 
boulders  in  the  deposits  of  sand,  but  there  are  many  localities  be- 
neath which  the  rock  still  exists  as  an  undisturbed  bed. 

The  country  underlain  by  this  phosphate  is  of  the  low,  flat-woods 
type.  The  beds  lie  horizontal  a  few  feet  beneath  the  surface,  cov- 
ered only  by  the  superficial  sand,  which,  in  the  boulder-deposits, 
more  or  less  completely  surrounds  the  rock.  The  thickness  of  the  bed 
in  situ  is  probably  rarely  over  10  feet,  and  usually  only  4  or  5.  The 
phosphate  is  an  alteration-product  of  an  earlier  limestone,  and  as 
such  is  subject  to  the  original  variation  in  thickness  from  point  to 
point.  The  underlying  stratum,  in  the  one  or  two  possible  instances 
where  the  rock  in  situ  has  been  pierced,  is  a  clay,  but  observations  in 
this  particular  were  unsatisfactory.  In  the  boulder-deposits  the 
order  of  succession  is:  at  the  surface,  superficial  sands  from  1  to 
7  feet  deep,  carrying  most  of  the  phosphate-rock ;  beneath  these, 
a  white  quartz  sand,  the  grains  of  which  are  held  together  with  a 
white  phosphatic  cement,  a  foot  or  two  in  thickness  where  observed, 
but  at  times  absent.  This  is  underlain  by  yellow,  blue,  buff,  or 
white  clay,  apparently  only  slightly  phosphatic. 

The  absence  of  the  soft  phosphates  in  the  Miocene  area  is  note- 
worthy, and  indicates  not  only  a  degree  of  attrition  and  later  chemi- 
cal action  considerably  less  than  took  place  in  the  Eocene  area,  but 
perhaps  also  different  topographical  details  as  well. 

The  phosphate-beds  of  the  Miocene  area,  boulder,  or  otherwise, 
extend  from  the  base  of  the  prominent  bluffs  of  the  Lafayette  forma- 
tion southward  beneath  the  flat-woods  country  for  an  undetermined 
distance.  Their  continuity  for  more  than  a  mile  is  doubtful ;  un- 
altered and  siliceous  bodies  frequently  occur,  indicative  of  interrup- 
tion similar  to  that  in  the  Eocene  area. 
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Land-Pebble  Deposits. 

The  general  character  of  these  deposits  has  already  been  given. 
Tlieir  origin  will  be  discussed  below.  Further  consideration  at  this 
point  is,  therefore,  not  necessary. 

Hiver-Pehble  Deposits. 

The  character  of  these  deposits  has  been  given  in  a  general  way 
in  describing  the  lithological  features  of  the  pebbles.  The  type-form 
occurs  more  particularly  in  the  Peace,  Caloosahatchee,  Alafia,  and 
other  rivers  entering  the  Gulf  south  of  Tampa  and  Hillsborough 
bays.  The  rivers  to  the  north — the  Withlacoochee,  Aucilla,  and 
those  of  western  Florida — carry  a  mixture  of  pebbles,  hard-rock 
fragments,  and  bones,  according  to  the  strata  through  which  they 
flow.  The  bars  of  Peace  river  are  more  extensive  than  those  of 
other  streams,  owing  to  the  greater  area  drained,  and  the  consequent 
greater  supply  of  material.  They  vary  as  in  all  rivers,  in  the  quan- 
tity of  material,  and  shift  from  point  to  point  with  the  change  bf 
currents  from  whatever  cause.  The  position  of  the  bars  is  usually 
in  the  slack  water  below  the  convexities  of  the  stream-channel,  al- 
though, in  the  case  of  heavier  deposits,  they  may  accumulate  over 
the  entire  width  of  the  river-bed. 

Origin  of  the  Phosphates. 

Introductory. — In  presenting  the  following  views  upon  the  origin 
of  Florida  phosphates,  the  privilege  of  subsequent  modification  is 
reserved  as  data  bearing  upon  the  question  become  more  complete. 
The  evidence  derived  from  the  lithological  varieties  of  phosphates, 
and  from  the  differences  in  their  manuer  of  deposition,  points  to  a 
diversified  origin  and  method  of  development,  in  which  a  number  of 
agencies  have  acted  either  synchronously,  or  independently  yet  with 
influence  one  upon  another.  The  essential  factors  in  the  origin  of  the 
rock-phosphate  are  :  phosphate  of  lime ;  carbonate  of  lime,  either  as 
limestone  or  as  highly  calcareous  marl ;  a  reagent,  in  the  presence  of 
which  both  phosphate  and  carbonate  of  lime  are  soluble  ;  and  water 
as  a  carrying  agent. 

The  origin  of  phosphate  of  lime  in  sedimentary  rocks  is  unknown. 
Its  presence  in  sea- water ;  its  broad  distribution  in  both  plant  and 
animal  life;  its  occurrence  in  rocks  of  all  ages,  even  to  the  extent 
of  economic  value;  and  its  special  presence  in  limestones,  more  par- 
ticularly Cretaceous  and   Tertiary  limestones,  are  facts  long  recog- 
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nized.  Its  occurrence  in  recent  time  in  the  form  of  leached  and 
soluble  guanos  on  many  of  the  oceanic  islands,  and  the  phosphatiza- 
tion  of  the  underlying  strata,  have  also  been  noted  by  many  authori- 
ties. The  last  is  by  actual  observation  a  tangible  source,  but  the 
features  first  detailed  point  to  some  other  and  more  general  origin  of 
phosphate  of  lime  thau  localized  bird-deposits,  or  the  but  little  more 
widely  distributed  accumulations  of  animal  remains.  Its  presence 
in  sea-water,  after  the  manner  of  carbonate  of  lime,  though  in  far 
smaller  amount,  is  well  established  ;  both  materials  are  of  general 
occurrence,  and  each  plays  a  prominent  part  in  sea-life.  The  transfer 
of  a  considerable  percentage  of  phosphate  of  lime  to  localities  having 
conditions  favorable  for  its  deposition,  either  in  sediments  then  set- 
tling or  on  surfaces  of  rocks  already  laid  down,  has  doubtless  been 
accomplished  in  many  cases  through  the  instrumentality  of  animals 
secretins^  it.  Oceanic  currents  mav  have  assisted  this  accumulation. 
Again,  southern  waters,  swamps,  and  lands  give  evidence  of  the 
presence  in  them  of  abundant  life,  secreting  phosphate  of  lime  and 
afterwards  returning  it  to  the  beds  on  which  this  life  rests.  A  study 
of  the  phosphates  of  the  world  points,  in  certain  cases  (as,  for  in- 
stance, in  the  general  presence  of  lime  phosphate  throughout  a  thick 
series  of  strata),  to  the  oceanic  origin  of  this  mineral,  while  in  other 
cases  it  points  with  equal  force  to  a  local  origin,  from  guano- 
deposits  and  the  accumulation  of  animal  matter.  The  evident  sec- 
ondary transfer  of  phosphate  of  lime  as  a  silt  has  not  been  con- 
sidered. 

The  solvent  power  of  carbonated  waters  upon  limestones  and 
marls  is  well  known.  Its  increased  effect  upon  these  rocks  in  pro- 
portion to  their  porosity  and  the  amount  of  exposed  molecular  sur- 
face is  also  recognized.  The  Eocene  limestones  of  Florida  are  ex- 
tremely  porous.  Moreover,  the  waters  of  Florida  are  now,  and 
probably  have  been  since  the  first  emergence  of  the  peninsula,  heavily 
charged  with  carbonic  acid.  The  quantity  of  carbonic  acid  in  the 
off-shore  waters  in  various  parts  of  the  world  is  given  by  Bischof  at 
five  times  the  amount  required  by  the  carbonate  of  lime  held  in 
solution.  This  disparity  probably  becomes  still  greater  in  the  highly- 
charged  waters  of  the  land.  The  solvent  power  of  the  waters  of 
Florida  is  therefore  ample,  not  only  for  the  removal  of  large  amounts 
of  carbonate  of  lime,  but  for  taking  up  considerable  quantities  of 
phosphate  of  lime  as  well. 

The  following  table,  published  in  Bischof's  Chemical  Geology 
gives  the  solubility  of  phosphate  of  lime  in  saturated  carbonated 
water. 
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Water  saturated 
with  CO.,, 

parts. 

393,000 

96,570 

1,503 

2,042 

1,102 

5,432 

13,115 


I 


Apatite  dissolves  in, 

Apatite,  after  brisk  agitation  with  the  liquid,  in, 

Artificial  neutral  phosphate,  freshly  precipitated,  in. 

Same  salt,  after  thorongh  drying  in  air,  in,   . 

Artificial  basic  phosphate,  freshly  precipitated,  in. 

Same  salt,  after  thorongh  drying  in  air,  in,  . 

Same  salt,  after  ignition,  in,  . 

Burnt  bones  which  had  been  exposed  for  several  years,  and 

had  absorbed  carbonic  acid, 2,823 

Fresh  ox  bones,  in  shavings,  • 4,610 

Fossil  bones  that  had  been  buried  at  least  thirty  years,        .       ■<    ' 

•^  1 3,300 


In  reference  to  this  table  Bischof  says:  "These  results  show 
how  remarkably  the  solubility  of  phosphate  of  lirae  varies  according 
to  its  source,  and  the  kind  of  admixtures  present." 

With  regard  to  the  solubility  of  bone  he  adds:  "The  quantity 
of  carbonic  acid  requisite  for  the  solution  of  bones  is  by  no  means 
large,  and  in  situations  where  carbonic  acid  is  copiously  and  con- 
tinuously evolved  in  putrefaction,  their  solution  may  take  place 
rapidly." 

And  again  :  "It  is  deserving  of  notice  that  basic  phosphate  of 
lirae  dissolves  in  3150  parts  of  water,  containing  one-twelfth  of  its 
weight  of  chloride  of  sodium.  The  presence  of  chloride  of  ammo- 
nium increases  the  solubility  still  more.  Now,  since  chloride  of 
sodium  is  so  frequently  present  in  water,  its  solvent  relation  to  phos- 
phate of  lime  will  be  proportionately  greater." 

Genesis  of  the  hard-7'ock  and  soft  phosphates. — The  development 
of  these  deposits  is  divisible  into  three  periods :  First,  that  in  which 
the  primary  rock  was  formed;  second,  that  of  secondary  deposition 
in  the  cavities  of  the  primary  rock  (excluding  recent  sands  and  clays) ; 
third,  that  in  which  the  deposits  thus  formed  were  broken  up  and 
the  resulting  fragments  and  comminuted  material  were  re-deposited 
as  they  now  occur. 

The  first  of  these  stages  probably  began  not  later  than  the  close  of 
the  older  Miocene,  and  within  the  Eocene  area  it  may  have  begun 
much  earlier.  Whether  the  primary  phosphate  resulted  from  a  su- 
perficial and  heavy  deposit  of  soluble  guanos,  covering  the  limestones, 
or  from  the  concentration  of  phosphate  of  lime  already  widely  and 
uniformly  distributed  throughout  the  mass  of  the  original  rock,  or 
from  both,  is  a  difficult  question.     In  any  event,  the  evidence  indi- 
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cates  the  effect  of  the  percolation  of  surface-waters,  highly  charged 
with  carbonic  and  earth-acids,  and  thus  enabled  to  carry  down  into 
the  mass  of  the  limestone  dissolved  phosphate  of  lime,  to  be  re- 
deposited  under  conditions  favorable  to  its  separation.  Such  condi- 
tions might  have  been  brought  about  by  the  simple  interchange  of 
bases  between  the  phosphate  and  carbonate  of  lime  thus  brought 
together,  or  by  the  lowering  of  the  solvent  power  of  the  waters 
through  loss  of  carbonic  acid.  The  latter  would  happen  whenever 
the  acid  was  required  for  the  solution  of  additional  carbonate  of  lime, 
or  when,  through  aeration,  it  should'escape  from  the  water.  The 
zone  of  phosphate-deposition  was  apparently  one  of  double  concen- 
tration, resulting  from  the  removal  of  the  soluble  carbonate  thus 
raising  the  percentage  of  the  less  soluble  phosphate,  and  from  the 
acquirement  of  additional  phosphate  of  lime  from  the  overlying  por- 
tions of  the  deposit. 

The  thickness  of  the  zone  of  phosphatization  in  the  Eocene  area  is 
unknown,  but  it  is  doubtful  if  it  was  over  20  feet.  In  the  Miocene 
area  the  depth  has  been  proved  from  the  phosphates  in  s-itu  to  have 
been  between  6  and  12  feet. 

Much  of  the  primary  rock,  both  Eocene  and  Miocene,  has  the 
appearance  rather  of  deposition  by  precipitation  than  of  alteration  by 
replacement  of  the  limestone  by  the  phosphate ;  but  either  of  these 
processes  may  have  taken  place  under  the  conditions  existing  at  that 
time.  An  interesting  and  suggestive  fact  in  this  connection  is,  that 
pre(5ise  duplicates  of  the  structure  of  the  primary  phosphates  may  be 
found  in  the  carbonate  of  lime  deposits  of  both  post-  and  pre-Glacial 
times  in  the  region  of  the  Mammoth  Hot  Springs  in  the  Yellowstone 
Park.*  Every  form  from  the  laminated  variety  through  the  semi- 
compact  or  compact-laminated  to  the  massive,  may  be  found  in  both 
deposits. 

Deposition  taking  place  by  chemical  precipitation  on  free  surfaces 
after  the  manner  suggested  above,  might  have  occurred,  according  to 
circumstances,  either  on  a  surface  exposed  to  the  atmosphere  or  on 
that  of  an  interior  cavity.  In  the  latter  case,  by  continued  growth 
the  cavity  would  become  filled  with  laminated  or  massive  rock,  which, 
upon  solution  of  the  surrounding  material  or  the  complete  breaking 
down  of  the  formation,  as  in  later  times,  would  result  in  a  rounded 

*  For  a  full  description  of  the  carbonate  of  lime  deposits  of  the  Yellowstone  Na- 
tional Park,  see  the  article  by  W.  H.  Weed  on  the  "  Formations  of  Travertine, 
etc.,"  in  the  Nintii  Annual  Report  of  the  Director  of  the  United  States  Geological 
Survey,  1SS7-8S,  pp.  613-676. 
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body  of  phosphate  of  lime  resembling  a  sea-rolled  boulder.  Both  to 
this  method  of  origin  and  to  the  attrition  which  the  fragments  proper 
suffered,  are  probably  due  the  forms  of  the  hard-rock  phosphate  of 
the  present  deposits.  Another  method  of  deposition  of  laminated 
rock  might  be  found  in  the  continued  washing  of  a  coast-outcrop  by 
the  sea,  each  wave  that  dashed  over  its  surface  leaving  behind  a  slight 
amount  of  phosphate  of  lime  precipitated  by  the  loss  of  the  solvent 
carbonic  acid  through  aeration. 

Of  the  deposits  of  secondary  origin  in  the  interstices  of  the  primary 
rock,  it  is  clearly  evident  that  many  were  due  to  actual  sedimenta- 
tion. It  is  quite  possible  that  others,  particularly  the  homogeneous, 
white  variety,  may  have  been  due  to  precipitation  from  water  still 
percolating  the  phosphate  first  formed.  The  process  of  secondary 
deposition  must  have  been  periodically  or  continually  kept  up  for  a 
long  period,  until  some  definite  climatic  or  geologic  change  brought 
about  conditions  no  longer  favorable  to  it.  In  addition  to  action  of 
this  nature,  we  may  mention  the  fracturing  of  rock  already  phos- 
phatized  and  the  recementing  of  its  parts  by  material  equally  pure, 
resulting  in  the  brecciated  variety  occasionally  encountered. 

The  deposits  of  phosphate  thus  formed  in  the  Eocene  and  Mio- 
cene times  of  the  Florida  peninsula  were  remarkably  free  from  iron 
and  alumina,  in  comparison  with  many  of  those  in  the  West  Indies. 
The  original  percentage  may  have  been  somewhat  reduced  in  the 
process  of  rock-formation,  but  at  no  time  could  there  have  been 
such  large  proportions  as  are  found,  for  instance,  in  the  Navassa 
rocks. 

The  third  period  in  the  genesis  of  the  hard-rock  deposits  includes 
the  destruction  of  the  original  beds  and  the  piling  up  of  their  result- 
ing boulders  as  they  are  found  to  day.  The  time  is  uncertain,  but 
it  may  have  been  during  the  last  submergence  of  the  peninsula,  when 
the  conditions  would  have  been  extremely  favorable  for  the  solution 
and  abrasion  of  the  limestone  lying  beneath  the  phosphatized  zone. 
This  limestone  is  everywhere  of  a  comparatively  soft  and  friable 
nature,  and  upon  exposure  to  climatic  or  aqueous  forces  would 
readily  yield.  The  support  being  thus  removed,  the  overlying  beds 
would  be  broken,  washed,  and  rolled  into  rounded  fragments,  and 
their  interstices  still  further  filled  with  the  materials, — sands,  clays, 
and  soft  phosphates, — naturally  held  in  suspension  in  the  waters. 
The  distance  which  the  boulders  have  been  removed  from  the  origi- 
nal bed  is  probably  slight. 

The  matei-ial  in  which  the  boulders  are   now  found  was   derived 
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from  various  sources.  The  sea-sands  and  clays,  in  whole  or  in  part, 
were  probably  brought  by  currents,  the  former  being  receraented 
with  the  fine  phosphatic  sediment  held  in  suspension  ;  a  portion  of 
the  hard-rock  was  comminuted,  either  retaining  the  shape  of  the 
original  boulder  or  being  completely  destroyed  and  carried  away  in 
fine  fragments,  to  be  included  among  tiie  sands  and  clays  of  syn- 
chronous deposition.  The  general  distribution  of  the  fine,  impalpa- 
ble soft  phosphate  throughout  the  deposit  is  accounted  for  by  the 
enormous  amount  of  sediment  of  that  nature  held  in  suspension. 

Genesis  of  the  land-pebble  phosphate. — The  resemblances  in  tex- 
ture, color,  fossil  casts,  and  general  appearance  which  the  pebbles  of 
this  deposit  occasionally  bear  to  the  hard-rock  type  are  in  a  measure 
suggestive  of  their  derivation  from  a  limestone  of  pre-Pliocene 
times,  possibly  older  Miocene.  On  the  other  hand  the  prevailing 
white  color,  the  often  earthy  appearance  of  the  fresh  surfaces,  the 
lower  percentage  in  phosphate  of  lime,  the  softness  and  the  condi- 
tion of  preservation  of  included  fossils  suggest  their  origin  from 
a  marl  or  at  least  a  very  earthy  friable  limestone.  In  either  case 
they  may  be  the  rolled  fragments  of  pre-existing  beds,  a  possibility 
enhanced  by  the  character  of  their  matrix  and  by  the  occasional 
presence  of  well  rounded,  white  quartz  pebbles. 

Prof.  N.  S.  Shaler.  in  an  unpublished  paper  on  "  Residual  Abla- 
tion Deposits"  places  the  land-pebble  phosphates  in  this  category. 
According  to  this  experienced  observer,  the  circumstances  which 
favor  the  development  of  residual  deposits  containing  a  large 
amount  of  lime  phosphate  appear  to  be  substantially  as  follows: 

''  It  is  in  the  first  place  necessary  to  have  thick  beds  of  limestone  more  than  usu- 
ally rich  in  phosphate  matter.  These  beds  must  not  be  of  too  dense  a  nature,  for  it 
is  important  that  they  should  permit  the  soil  waters  to  penetrate  into  their  depths,- 
and  thereby  accomplish  their  appropriate  leaching  action.  The  rainfall  of  the  dis- 
trict in  question  must  be  considerable  in  order  to  supply  a  large  volume  of  percolat- 
ing water  and  incidentally  to  maintain  the  soil  bed  rich  in  decaying  vegetable  mat- 
ter by  which  the  rain  waters  are  giveu  their  solvent  power.  This  asseaiblage  of 
conditions  rarely  occurs.  So  far  as  my  knowledge  goes,  it  is  only  found  on  an  ex- 
tensive scale  in  the  southeasternmost  portion  of  the  United  States  where  the  lime- 
stone marls  of  Tertiary  and  Cretaceous  age  have  in  recent  geological  periods,  and 
particularly  during  the  portions  of  those  ages  when  the  region  stood  much  higher 
above  the  level  of  the  sea  than  at  present,  been  exposed  to  great  leaching  action. 

"The  best  "conditions  for  the  accumulations  of  valuable  deposits  of  lime  phosphate 
in  residual  debris  appear  to  occur  where  the  phosphatic  lime  marls  are  of  a  rather 
soft  character;  the  separate  beds  having  no  such  solidity  as  will  resist  the  percola- 
tion of  water  along  innumerable  incipient  joints  such  as  commonly  pervade  strati- 
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fied  materials,  even  when  tliey  are  of  a  very  soft  natnre.  Passing  downward 
through  such  a  deposit  the  effect  appears  to  be  to  remove  nearly  all  the  lime  car- 
bonate and  to  leave  the  lime  phospiiate  in  the  form  of  sub-angular  or  pebbly  bits. 
In  their  first  state  these  fragments  of  concentrated  matter  appear  to  have  had  their 
form  to  a  certain  extent  determined  by  some  natural  fractures  of  the  rock  which 
appear  to  have  been  essentially  joint  planes.  On  the  surfaces  of  these  fragments 
there  appears  to  have  been  in  cases,  perhaps  even  generally,  a  certain  amount  of 
concretionary  deposition.  The  result  is  that  the  fragments  of  pebble  phosphates 
generally  have  smooth  surfaces  which  often  indeed  have  an  almost  polished  char- 
acter. The  fact  should  be  noted  that  these  fragments  have  necessarily  been  sub- 
jected to  more  or  less  attrition  of  bit  against  bit,  as  is  the  case  with  all  residual  de- 
posits of  this  nature.  It  is  evident  that  the  process  of  concentration,  such  as  I 
assume  to  have  taken  place  could  not  be  accomplished  without  a  greater  amount  of 
interstitial  movement  and  consequent  friction  of  fragment  upon  fragment. 

"In  the  case  of  the  pebble  phosphates  it  is  evident  that  the  fragments  have  been 
to  a  certain  extent  swept  from  the  uplands  into  the  valleys.  Thus  on  the  low  di- 
vides between  the  Alafia  river  district  and  the  neighboring  portions  of  Florida,  the 
phosphatic  pebbles  may  form  but  a  thin  laver  or  be  altogether  wanting,  while  in 
the  valleys  the  accumulations  of  pebbly  material  may  have  a  thickness  of  30  feet 
or  more.  This  segregative  process  has  probably  in  part  been  accomplished  by 
the  work  of  the  streams  themselves,  but  is  in  my  opinion  mainly  due  to  the  action 
of  the  sea  during  the  time  or  times  when  this  part  of  the  peninsula  has  sunk  be- 
neath and  risen  above  the  ocean  level.  The  action  of  the  sea  in  this  concentrative 
work  appears  to  be  indicated  by  the  frequent  occurrence  of  shark's  teeth,  and  other 
remains  of  marine  forms  in  a  state  of  preservation  which  seems  to  me  to  clearly  in- 
dicate that  they  were  formed  since  the  phosphatic  pebbles  took  their  shape.  They 
appear  indeed  to.be  mere  accidental  and  exceedingly  modern  elements  of  the  de- 
posit. They  have  evidently  experienced  no  such  attrition  as  iias  affected  the  pebbles 
themselves." 

Of  the  above  suggestions,  that  of  Prof.  Shaler  perhaps  most  nearly 
satisfies  the  various  facts. 

The  original  deposit,  of  which  the  present  one  is  the  residual  por- 
tion may  have  been  formed  from  sediments  derived  from  the  older 
phosphate-deposits.  These  sediments  must  have  settled  out  as  a 
phosphatic  mud,  the  phosphate  of  lime  iu  suspension  being  deposited 
with  the  silt  and  segregating  itself  into  the  portions  of  the  deposit, 
subsequently  becoming  pebbles.  Oolitic  grains  are  not  infrequently 
found  together  with  fossils  and  sand  distributed  within  the  mass  of 
the  individual  pebbles. 

The  deposits  of  pebble,  plate-rock,  and  soft  phosphate  east  of  tha 
Eocene  area,  are  regarded  as  nearly  equivalent  in  age  to  the  land- 
pebble  beds  of  south  Florida.  The  growth  of  peninsular  Florida 
since  Eocene  times  has  chiefly  been  eastward  ;  and  it  rnay  be  in- 
ferred from  the  materials  constituting  the  strata,  that  the  surface- 
slopes  and  drainage  have  also  been  chiefly  in  this  direction.  Hence, 
it  is  on  the  eastern  side  of  the  rock-phosphate  belt  that  the  sediments 
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derived  from  it,  and  the  materials  carried  in  actual  solution,  have 
again  been  deposited  in  the  hollows  of  the  older  limestones,  in  well- 
developed  beds  of  individual  character.  These  deposits  are  hetero- 
geneous in  the  nature  and  distribution  of  their  materials,  brought 
about  by  erosion  and  solution  of  tiie  underlying  limestone,  by  the 
filling  of  the  hollows  with  materials  from  divers  sources,  and  by  the 
breaking  up  of  the  already  deposited  layers  of  plate-rock,  itself  the 
result  of  sedimentation  from  successive  flows  of  a  fine  silt. 

Genesis  of  the  river-pebble  pliosphate. — The  origin  of  the  river- 
pebble  itself  was  doubtless  somewhat  similar  to  that  of  the  land- 
pebble,  that  is,  from  a  previous  highly  phosphatized  marl,  either 
directly  as  pebbles  and  shell-casts,  or  by  segregation  of  the  contained 
phosphate  of  lime  in  nodules  and  shell-casts,  and  the  subsequent 
leaching  out  of  the  carbonate,  which  set  nodules  and  casts  free,  and, 
according  to  the  locality  in  which  it  took  place,  whether  hummock- 
land  or  stream-channel,  permitted  their  accumulation  as  a  superficial 
layer  just  beneath  the  soil,  or  as  bars  in  the  rivers. 

Variation  of  the  several  classes  of  phosphates  in  their  phosphate  of 
lime  contents. — This  may  be  explained  on  two  grounds.  In  the  first 
place,  the  original  material  of  which  the  phosphates  are  alteration- 
products  was  a  limestone  or  a  marl,  the  hard-rock,  perhaps,  being 
derived  from  the  former,  the  two  classes  of  pebble-phosphates  from 
the  latter.  The  carbonate  of  lime  in  natural  limestones  and  marls 
often  varies  considerably  in  quantity.  The  phosphate  of  lime  would 
occur  in  the  alteration-product  in  proportion  to  the  amount  of  carbon- 
ate of  lime  available  for  replacement  in  the  original.  In  phosphatized 
nearly  pure  limestones,  the  phosphate  of  lime  would  reach  a  corre- 
spondingly high  percentage;  in  marls,  on  the  other  hand,  in  which 
the  percentage  of  lime  is  often  low,  the  resulting  phosphate  would 
be  correspondingly  diminished.  If  now  the  phosphate  of  lime  tends 
to  form  segregations  and  the  balance  of  the  respective  beds  is  leached 
away,  the  remaining  phosphatic  materials  must  vary  in  their  phos- 
phate of  lime  contents  in  proportion  to  the  carbonate  of  lime  of  the 
original  rock-mass. 

The  second  explanation  of  such  differences  in  phosphate  of  lime 
contents  was  suggested  by  Shaler,  and  lies  in  the  solubility  of  this 
material  in  waters  containing  carbonic  acid  and  the  greater  length 
of  time  diying  which  one  class,  as  for  instance  the  river-pebble,  has 
been  subjected  to  solvent  action  as  compared  with  another  class,  such 
as  the  land-pebble.  Either  explanation  will  satisfy  the  conditions, 
and  it  is  not  improbable  that  in  many  instances  both  are  applicable. 
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Chemical  Constitution  of  the  Phosphates.* 

The  accompanying  analyses  have  been  selected  with  a  view  to 
studying  the  relation  between  chemical  constitution  and  physical  ap- 
pearance in  the  various  phosphates.  Tiiey  are  not,  therefore,  to  be 
regarded  as  representative  of  the  general  run  of  the  rock  of  the  mines 
from  which  they  came,  either  in  phosphate  of  lime,  iron,  alumina,  or 
insoluble  matter.  The  analyses  given  include  numerous  variations 
of  the  hard-rock  type  and  typical  specimens  of  the  land-  and  river- 
pebble  classes.  Two  series  of  special  observations,  Nos.  74  and  97, 
made  upon  sandy  varieties  of  the  first  type,  will  afford  an  idea  of 
the  distribution  of  the  insoluble  and  other  undesirable  constituents 
throughout  the  rock-mass.  The  constituents  determining  the  rela- 
tive values  of  phosphates  are  phosphoric  anhydride  (P2O5),  the 
oxides  of  iron  and  alumina  (FcgOg,  AlgOg),  carbonic  acid  (CO2),  and 
the  insoluble  matter.  These  will  be  considered  according  to  the 
classes  of  phosphate. 

Hard-rock  phosphates. — ^The  contents  of  this  class  in  P2O5  range 
within  a  few  per  cent,  on  either  side  of  36.65,  corresponding  in  com- 
mercial language  to  80.00  per  cent,  of  the  tricalcic  phosphate 
(CagPgOg).  The  percentage  of  P2O5  is  generally  in  inverse  ratio  to 
the  amount  of  insoluble  matter,  chiefly  sand.  The  P20g  in  these 
analyses  ranges  from  32.68  (71.34  Cd^^Vf)^)  in  No.  87  to  38.84  (84.79 
CajPaOg)  in  No.  96.  The  insoluble  matter  ranges  from  8.78  in  the 
former  to  0.49  in  the  latter;  but  in  this  connection  it  is  to  be  re- 
marked that  slight  variations  in  either  insoluble  matter  or  phos- 
phoric anhydride — as,  for  instance,  0.05  insoluble  matter  in  a  phos- 
phate carrying  37.76  PgOg  (82.43  CagPgOg) — are  frequent,  and  are 
not  to  be  regarded  as  affecting  the  general  law. 

The  combinations  into  which  PaOg  enters  in  the  phosphates  of 
Florida  are,  in  the  order  of  preference,  those  with  lime,  alumina, 
and  iron.  In  the  varieties  which  closely  approach  the  type-rock  of 
the  class,  its  combination  with  alumina  and  iron  is  at  a  minimum. 
At  the  other  extreme,  however,  where  either  sand  or  clay  plays  a 
conspicuous  part,  a  considerable  percentage  of  the  P20g  is  combined 
with  iron  and  alumina.  This  is  also  the  case  in  soft  phosphates, 
illu-strated  by  No.  98.  The  last  might  indeed  be  regarded  a  phos- 
phate of  lime,  alumina,  and  iron,  into  which,  however,  iron  prob- 
ably enters  in  but  slight  amount.     The  combined   lime  (•CaO)  and 

*  The  chemical  analyses  accompanying  this  paper  have  been  made  by  Dr.  T.  M. 
Chatard,  of  the  Division  of  Chemistry,  U.  S.  Geological  Survey. 
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magnesia  (MgO)  contents  in  the  hard-rock  class  of  phospliates  vary 
in  a  general  way  directly  as  the  contents  in  PgOg.  In  No.  63,  how- 
ever, the  higher  percentage  of  CaO  with  even  a  lower  proportion  of 
PoOg  is  accounted  for  by  the  amount  of  COg  present. 

It  is  sometimes  the  case  that  when  a  phosphate  contains  a  large 
proportion  of  insoluble  matter,  the  contents  in  alumina  and  iron  (but 
chiefly  the  former)  are  considerably  increased.  This  is  a  natural 
feature  of  deposition,  for  in  the  broad  study  of  the  deposits  it  is 
almost  everywhere  observed  that  when  sands  have  been  brought  to 
the  deposit,  clays  have  likewise  settled  out  of  the  waters  of  sedimen- 
tation. In  the  phosphates  in  which  such  matters  are  included  in 
the  mass  of  the  rock,  the  sands  alone  appear  to  the  eye,  the  clay 
being  indistinguishable. 

Under  slightly  different  conditions  the  foreign  sediments  might 
easily  have  predominated  in  clay,  in  which  case  such  analyses  as 
Nos.  42,  96,  and  99  would  result,  while  in  the  soft  phosphate,  as 
illustrated  in  No.  98,  the  high  percentage  of  alumina  has  long  been 
recognized. 

The  insoluble  portion  of  the  hard-rock  phosphates  is  chiefly  sand, 
in  the  form  of  rounded,  white,  transparent  quartz  grains.  A  pre- 
liminary knowledge  of  the  relative  amounts  as  determined  by  chem- 
ical analyses  in  rock  of  varying  appearance,  affords  the  engineer  a 
rough  estimate  of  the  comparative  value  of  specimens  submitted  for 
inspection.  As  an  extreme  instance  in  insoluble  contents,  sample 
No.  97  is  cited,  which  is  in  reality  a  phosphatic  sand,  a  type  fre- 
quently met  with  in  the  hard-rock  field,  especially  associated  with 
the  soft  phosphate,  and  often  regarded  as  valuable  by  those  owning 
property.  An  inspection  of  the  analysis  renders  intelligible  its 
characteristics  and  its  present  value. 

Carbonic  acid  in  the  hard  rock  is  indicative  of  the  percentage  of 
carbonate  of  lime.  The  amount  occurring  in  No.  63,  an  analysis  of 
the  secondary  incrustations  in  a  specimen  conspicuous  for  bearing  a 
formation  of  this  kind,  is  worthy  of  notice.  It  should  be  added, 
however,  that  it  was  impossible  to  completely  separate  the  incrusta- 
tion from  the  underl}  ing  portion  of  the  rock. 

The  fluorine,  which  universally  occurs  as  a  constituent  of  Florida 
phosphates,  is  of  both  scientific  and  practical  importance  ;  but  the 
investigations  concerning  it,  conducted  by  Dr.  Chatard,  are  in  their 
incipiency,  and  will  not  now  permit  a  statement  as  to  the  geological 
or  economic  bearing  of  the  mineral. 

The  deteriorating  constituents  of  all  phosphates  are  chiefly  the  in- 


PEELTMINAEY   SKETCH    OF   THE    PHOSPHATES    OF    FLORIDA.      223 

soluble  matters,  the  carbonate  of  lime,  and  the  oxides  of  iron  and 
alumina.  Of  these,  the  first,  in  reasonable  amount,  is  of  least 
importance,  since  its  effect  is  chiefly  mechanical,  adding  by  its 
weight  to  the  cost  of  transportation  and  handling.  The  second 
constituent,  carbonate  of  lime,  has  in  addition  a  chemical  disability 
in  that  it  takes  up  a  certain  amount  of  sulphuric  acid  in  the  manu- 
facture of  superphosphates,  thus  adding  to  the  cost  of  materials  em- 
ployed in  that  process.  The  remaining  deteriorauts  of  importance 
contained  in  natural  phosphates  are  the  oxides  of  iron  and  alumina. 
The  effect  of  these  is  manifold,  but  the  chief  objections  are  their 
tendency,  first,  to  cause  an  acid  phosphate  to  revert,  with  a  direct 
loss  of  PgOg,  and  secondly,  to  render  the  manufactured  product  moist 
arrd  sticky,  and  difficult,  if  not  impossible,  to  dry.  Phosphate 
buyers  therefore  usually  limit  the  contents  in  Al2(Fe2)03  to  4  per 
cent.,  deducting  for  each  unit  of  these  constituents  above  this  per- 
centage, the  equivalent  in  phosphate  of  lime  which  might  become 
available  from  the  P2O5  taken  up  by  the  Fe2(Al2)03. 

There  are  among  the  samples  of  hard-rock  and  soft  phosphate 
four,  of  which  the  analyses  have  been  conducted  with  special  refer- 
ence to  the  study  of  the  distribution  of  their  deleterious  constituents. 
These  are  Nos.  74,  87,  97,  and  100,  of  which  Nos.  74  and  97  have 
been  subjected  to  the  most  extended  study,  the  results  there  obtained 
being  duplicated  in  Nos.  87  and  100,  up  to  the  point  to  which  the 
investigations  were  carried.  The  studies,  of  which  some  of  the  typi- 
cal results  are  given  in  the  analyses,  were  suggested  to  Dr.  T.  M. 
Chatard  and  myself  during  a  visit  in  company  to  the  hard-rock 
regions  of  Florida.  The  investigations,  the  results  of  which  are 
given  in  the  table  of  analyses  were  wholly  conducted  by  Dr.  Cha- 
tard, and  are  described  in  his  paper  presented  at  this  meeting,  on 
Phosphate  Chemistry  as  it  concerns  the  Miner  {ante,  page  160). 

The  land-pebble. — The  analyses  given  of  this  class  of  phosphates 
although  but  two  in  number,  937  A  and  940,  may  be  regarded  as 
typical,  and,  at  the  same  time,  in  the  variations  in  the  amount  of 
their  several  constituents,  especially  their  phosphoric  anhydride,  as 
representing  the  limits  of  the  rock  at  the  two  ends  of  the  series  of 
gradations.  The  most  usual  percentage  of  phosphate  of  lime  is 
between  68  and  70,  but  not  infrequently  the  class  is  found  to  approach 
the  lower  members  of  the  hard-rock  series,  and  the  higher  ones  of 
the  river-pebble  class.  The  line  between  the  three  classes  in  this 
particular  is,  however,  distinct, — quite  as  distinct,  in  fact,  as  their 
differences  in  physical  appearance. 
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Their  lime  (CaO)  contents  also  generally  falls  below  the  percen- 
tage of  this  constitnent  in  the  hard-rock.  Their  other  contents  do 
not  need  special  mention  at  this  time. 

Analysis  No.  937  B  represents  the  matrix  which  held  the  pebble 
affording  937  A.  The  matrix  was  sandy,  but  this  is  a  highly  vari- 
able feature.  Its  phosphate  of  lime  contents  are  in  part  the  result 
of  fine  material  similar  in  character  to  the  pebbles  themselves,  but 
which  it  was  not  intended  to  separate,  the  general  run  of  the  matrix, 
representing  the  tailings  in  washing  on  a  working  scale,  being  de- 
sired. It  is  probably  representative  of  the  lowest  percentage  to 
which  it  will  pay  to  dress,  wash,  and  separate  the  two  components  of 
the  deposit,  the  pebble  and  matrix.  Its  percentage  of  alumina  and 
iron,  more  especially  of  the  former,  is  high  ;  this  seems  to  be  the  case 
in  all  phosphates  of  a  soft  material  whether  of  the  hard-rock  or  the 
other  areas.  The  water  contents  of  this  sample  are  high  on  account 
of  a  washing  to  which  the  original  material  was  subjected  for  re- 
moval of  the  pebble  of  937  A  from  the  matrix.  Preliminary  drying 
was  not  carried  to  the  degree  it  might  have  been. 

The  river-'pebhle. — The  chemical  constitution  of  the  river-pebble 
proper  of  the  west  side  of  peninsular  Florida,  is  approximately  the 
same  for  the  entire  region.  In  this  statement  the  rock-phosphates 
and  bones  of  the  northern  streams  are  excluded.  The  impurity 
found  in  the  product  of  the  Caloosahatchee  is  extraneous,  and  con- 
sists very  largely  of  carbonate  of  lime  resulting  from  the  intimate 
commingling  with  the  pebbles  of  the  remnants  of  the  shells  of  Plio- 
cene and  more  recent  formations,  that  have  been  washed  into  the 
bars  from  strata  higher  up  the  river. 

Analyses  Nos.  947  and  950  show  the  presence  respectively  of  but 
28.36  PA  (<^1-91  CagPA)  and  28.47  PA  (62.15  CagPA)  which 
may  be  regarded  as  the  average  for  the  class,  but  the  percentage  fre- 
quently rises  to  29.32  per  cent.  PA  (64.00  CagPA)?  and  occasion- 
ally even  higher. 

The  contents  in  Al2(Fe2)03  are  practically  the  same  as  in  the 
better  class  of  hard-rock  phosphate;  the  contents  in  CaO  are  some- 
what lower;  the  insoluble  matter  is  approximately  the  same  as  in 
the  land-pebble,  perhaps  a  little  higher;  and  there  is  a  perceptible 
increase  in  COj  in  the  analyses  given,  and  also  considerable  water  at 
red  heat. 

The  high  percentage  of  insoluble  matter  in  No.  947  is  probably 
due  to  imperfect  cleaning,  although  the  sample  was  taken  directly 
from  the  storage-bin  after  drying. 
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The  Black  Creek  phosphate  differs  from  those  of  the  west  side  of 
the  peninsula  in  its  diminished  quantity  of  phosphoric  anhydride  and 
consequently  of  tricalcie  phosphate.  The  sample  taken  (No.  1), 
containing  21.06  P2O5  (45.97  CagPgOg)  affords  about  the  average 
percentage. 

Chemical  Analyses  of  Florida.  Phosphates. 


Loss  (H2O)  at  105° 

"         "        red  heat. 
CO, 


Fl 


Insol.  resid.  (in  HCljHNOs) 

(  "  HNO3) 


Al2(Fe2)03. 

AlA 

FeA 

CaO 

MgO 

P,0. 


Numbers  of  Samples. 


42 


.51 


2.78 


.10 
.25 


.171 


.82 
.84 


.83 


2.19  „  ,0 

2.29    2.27   n-^Q    3.30 

2.32 


.78 


1.98 
2.34 


2.41 
2.66 

2.16 


2.28      2  90 
2.30      ^-"^^ 


1.55 

.48 

50^63  ^^-81 


.91 
.95 


.20 

1.31 
3.15 
1.94 

.05 
.93 


54.46 
54.42 


36.50ii  36.62  If  35.35  i?:?? 

I  I  I 


54.44 

2.00 

37.73 


5.73 
5.98 


1.05 

2.42 
2.28 
2.40 

5.85 


5.13 

5.10    5.13 


3.88 
.56 

46.16  AD  14 
46.12  *0-i* 


4.04 
33.93 


.21 

33.98 


P2O5  X  2.183  =  CajPaOg. 

Hard  Eock. 

No.  25. — Typical  gray  phosphate. 

No.  42.— Mottled  brown-and-white  phosphate. 

No.  55.— A  rock  containing  cavities  filled  with  loose  sand,  which  readily  shakes  out. 

No.  63.— Mammillary  incrustation. 

No.  74.— A  fossiliferous  phosphate,  containing  cavities  with  sand. 
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Chemical  Analyses  of  Florida  Phosphates — continued. 


Loss  (HjO)  at  105°... 
"         "        red  heat. 

CO, 

Fl 


Numbers  of  Samples. 


74  A 


Insol.  resid.  (in  HCl.HNOs) 
("  HNO3) 


A\^{¥e,)0,. 


■I      -53 


I29    3.36 


Al.,03- 
FeA- 
CaO.... 
MgO.. 

p,o.... 


74  B  74  B 


8.55 
8.58 


8.-56 


6.40 

6.32     6.32 

6.25 


.51 
.52 


.51 


2.43 

2.37     2.41 

2.43 


37.83  32-60  32.60 


.37-43 
37.45 


37.44 


74  Bo 


6.26 


3.64 

3.52     3.54 

3.47 


34.70  04  />Q 
34.68  ^^-"^ 


74  B3 


14.50  1  .  CO 
14.57  14.53 


7.75 
7.80 
7.83 


7.79 


29.96 
30.00 


29.98 


Hard  Kock. 

The  general  sample  No.  74  was  crushed  and  run  through  a  10-mesh  sieve.    512  grms.  were 
treated  on  a  20-mesh. 

No.  74  A  =  portion  coarser  than  20-mesh,  184  grms.,  or  35.38  per  cent. 

No.  74  B  =  portion  finer  than  20-mesh,  328  grms.,  or  64.62  per  cent. 
50  grms.  of  74  B  were  washed  in  Thoulet  tube  with  water,  and  gave  of 

No.  74  Bi,  the  coarsest,  dried  at  105°,  17.05  grms.,  =  34.10  per  cent. 

No.  74  Bo,  "    middles,       "  "         7.50      "       =15.00 

No.  74B3,  "   finest,            "         "       23.05      "       =46.10       " 
Lost,  suspended 2.40     "      =  4.80      " 

50.00  100.00 
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Chemical  Analyses  of  Florida  Phosphates — continued. 


Numbers  of  Samples. 


74  Mix. 


Loss  (H2O)atl05°.. 
"         "      red  heat. 

COj 

Fl 


Insol.resid.  (in  HCl.HNOj) 
( "  HNO3) 


3.56 
3.64 


3.71 


3.60 


Al.,(Fe2)0, '  3.83    3.77 

3.77 


AlA- 
FejOj. 
CaO... 
MgO.. 


P.,0, 


3.5.21 
35.33 


35.2" 


80 


.08 
.08 


1.39 
1..3S 
1.35 


.08 


1.37 


83 


A=    8.76 
•"•^1  8.80 


1.22  I  2.44 

1.2.5     1.24    2..3S 
1.25  ,  2.44 


.51 


2.95 


8.78 


2.42 


|g  38.39'p;Z|  37.76, 1 jl  32.€ 


87  A 


.19 


3.75 


12     1.18 


^}  34.86 


Hard  Eock. 

No.  74,  Mix. — A  mixture  of  the  several  products  of  the  74  series. 
No.  80.— White,  coarsely-laminated  phosphate,  with  clay  in  cavities. 
No.  83. — Gray  variety  of  No.  80,  typifcal. 
No.  87.— A  close-textured,  laminated  rock,  somewhat  sandy. 
No.  87  A. — Portion  of  87  coarser  than  20-mesh. 
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Chemical  Analyses  of  Florida  Phosphates — continued. 


Loss  (HjO)  at  105°.. 
"         "       red  heat. 

COj 

Fl 


Numbers  of  Samples. 


87  B 


.40 


2.85 


Insol.resid. (in HCl.HNOj)  11.79  ii  oo 

(  "  HNO2)  ll-"" 


Alj(Fe2)0., 


2W3. 

A- 


AI2O; 

FejO. 
CaO.. 
MgO 
P,0.. 


11    2.35 
2.31 


31.46 
131.47 


31.47 


89 


.24 


.68 


% 


.07 
2.96 
1.65 

2.4.5    2  46 
2.46     ^-^^ 

.49 


4.22     4  00 
4.22     ^--^^ 


97 


37.24   07  01 
37.39  ^'•^'^ 


50.09 
50.07 


3.07 

.96 

50.08 

.30 


38.82  QQ  QA 
38.86  "50.0* 


.40 


2.80 


34.89 
34.65 


t  34.77 


6.27 

6.33     6.33 

6.38 


97  A 


.46 


1.71 


18.05 
18.20 


18.13 


5.58 

5.55     5.54 

5.48 


.77 


23.98 
24.18 


24.08 


30.50 
30.49 


30.49 


Hard  Kock. 

No.  87  B.— Portion  of  87  finer  than  20-mesh. 
No.  89.— A  type  of  close-textured  laminated  rock. 

No.  96. — A  mass  of  rock,  yellow  in  the  interior,  white  on  the  e.^terior,  porous. 
No.  97. — Typical  sandy  phosphate  ;  indeed,  a  phosphatic  sand-rock.    General  sample  run 
through  a  10-mesh  sieve. 
No.  97  A.— Portion  of  97  coarser  than  20-mesh  ;  50  grms.  =  20.75  per  cent. 
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Chemical  Analyses  of  Florida  Phosphates — oontinued. 


Loss  (H^O)  at  105°.... 
"        "       red  heat. 

CO, 

Fl „. 


Numbers  of  Samples. 


97  B 


.43 


1.07 


Insol.resid.  (in  HCl.HNOs) 

("  B.^Oi)\         44.19 


7.73 


Al2(Fe2)03 !  7.70    7.70 


FeA- 
CaO... 
MgO.. 
P,0.... 


20.26 
20.46 


20  36 


97  Bi 


97  B, 


.12: 


.79 


.33 


eki  62.55 


1.20 


38.11 


2.96    2.957.99    7.97  isite  15.57  ^-2! 


.17 


1.39 


10.57 
10.42 


10.50 


2.55 
2.59 
2.59 


13.74 
13.75 


't  13.75 


24.97 
25.07 


25.02 


15.50 


31.89 
31.91 


31.90 


44.05 
44:04 


.44 
4.76 
2.33 
2.58 

4.25 

7.85 

7.01 

1.46 

44.05 


35.28 
35.11 


35.19 


Hard  Rock. 

No.  97  B.— Portion  of  97  finer  than  20-mesh  ;  191  grms.  =  79.25  per  cent.     75  grms.  of  97  B 
were  washed  with  water  in  Thoulet  tube,  and  gave  of 
No.  97  Bi,  the  coarsest,  dried  at  105°,  35.8  grms.  ==  47.73  per  cent. 
No.  97  B2,  middles.              "         "       19.75    "        =  26.33 
No.  97  B3,  the  finest,             "        "        16.80    "       =  22.40       " 
Lost,  suspended, 2.65    "        =    3.54        " 


75.00 


100.00 


No.  98.— T>T)ical,  soft  elay  phosphate. 
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Chemical  Analyses  of  Florida  Phosphates — continued. 


Loss  (H2O)atl05°.... 
"        ''       red  heat. 

CO2 

CI 

Fl 


Numbers  of  Samples. 


100 


.17 


1.62 


Insol.resid.  (inHCl.HNOs) 
("  HNO3) 


Al,(Fe,)03 

AlA 

FeA 

CaO 

MgO 

SiOs 

P2O5 


•26         9fi 
.21      -26        -^^ 


.05 
.06 


;  2.24 
,  2.39 

.06    5.05 
5.08 


4.12    4.48'  2.m.    2.32!    'E 

'^■^  I  2.41  ■:     .32 


.34 


1.47 
1.1c 


52.01 
52.02 


52.02 

.28 


i:^9  38.79:i:S  28.821^:^2  39 


4.20 

4.19 


47.04 
46.99 


64  33.91 
'      i33.90 


1.18 
2.78 
2.67 
.08 
2.29 

5.07 

4.19 

2.37 

1.46 

47.02 

.39 

10 

33.91 


2.73 

2.72 


.63 
3.15 
2.19 

2.72 
4.34 


47.96 
47.94 

.19 
.22 


2.53 

1.35 

47.95 

.21 


34.77 
34.67 


34.72 


Hard  Rock. 

Ko.   99.— Typical  laminated  phosphate,  from  same  locality  as  98. 

No.  100.— A  granular-looking  phosphate,  light  gray. 

No.  100  A. — The  coarser  portion  of  100,  after  separation  on  a  20-mesh  sieve. 

No.  111.— A  general  sample  of  a  property. 


Land-Pebble. 


No.  937  A.— Washed  pebbles. 


I 
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Chemical  Analyses  of  Florida  Phosphates — concluded. 


Loss  (HjO)  at  105°..., 

"        "        red  lieat. 

CO, 


Fl. 


Insol.resid.  (in  HCl.HNO^) 
("  HNO3) 

Al2(Fe,)03 

AlA 

FeA 

CaO 

MrO 

PA 


Numbers  of  Samples. 


937  B 


3.34 

6.88 
.82 
,88 


49.78 


6.85 

LOS 
15.95  1  =  qo 

.37  07 

.37        •'^' 

13.55  10  CO 
13.61  ^^-^^ 


1.87 
1.86 


.79 

3.47 
3.93 
1.86 


2.48 
2.41 


.56 
4.90 
3.99 
2.44 


6.69 


2.14 
.61 


46.06 


12.23 


46.00  46.O3  42.75 
.49 

.40 


.33 


|1:«  31.50 


2.01 

1.05 

9.-li  42.75 

.44 


28.33 
28.38 


28.36 


2.45 
2.54 


.77 
4.88 
6.37 
2.49 


6.02 


45.68 
45.69 

.79 
.77 

28.49 
28.45 


1.37 

.83 

45.69 

.78 
28.47 


.96 

7.90 

.40 

3.17 


10.19 


.S3.10 
33.03 


21.05 
21.06 


1.60 

.78 
33.06 
f      .65 
21.06 


Land  Pebble. 

No.  937  B.— Matrix  from  which  937  A  was  washed. 
No.  940.— Washed  pebbles  from  another  locality. 

River  Pebble. 

No.  947.— Peace  River  ;  dried  pebbles,  from  a  bin. 

No.  950.— Caloosahatchee  River  ;  picked  pebbles  from  a  lighter-load. 

No.  1.— Black  Creek ;  air-dried  pebble. 
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BASIC  SLAGS  AS  FERTILIZERS. 

BY  W.    H.    MORRIS,   POTTSTOWN,   PA. 

(Baltimore  Meetiug,  February,  1892.) 

I  HAVE  been  requested  to  present  a  paper  on  the  slag  from  the 
basic  Bessemer  process,  as  prepared  for  fertilizing.  Since  Professor 
W.  B.  Phillips  presented  at  the  Birmingham  meeting,  in  May,  1888, 
an  able  paper*  on  this  subject,  as  it  had  been  developed  up  to  that 
time,  there  is  little  for  me  to  add.  Perhaps  later  practice  may  be 
best  expressed  by  the  homely  proverb,  "  The  proof  of  the  pudding 
is  in  the  eating."  As  the  Pottstown  Iron  Company  is  the  only  con- 
cern manufacturing  basic  Bessemer  slag  in  this  country,  the  writer's 
personal  experience  in  the  use  of  it  may  be  interesting. 

Our  slag  averages :  PA,  21.37;  SiO.,  5.10;  MgO,  5.90;  AlA, 
4.01 ;  MnO,  5.56  ;  Fed,  12.00 ;  Na.O  and  K^  0.80 ;  CaO,  45.26  ; 
total,  100.00.  This  gives  over  76  per  cent,  of  phosphoric  acid  ^nd 
lime. 

In  using  this  material  for  several  years  past  on  my  lawn  and 
garden,  I  have  found  it  better  than  anything  else  I  have  ever  tried  ; 
and  I  am  sure  that  any  of  you  who  had  seen  my  green  grass  last 
month  (January),  wherever  the  ground  was  bare  from  snow,  as  bright 
as  in  early  fall,  would  be  forced  to  acknowledge  the  advantages  of 
this  soil-enricher.  The  grass  on  my  private  lawn,  and  around  the 
company's  office,  is  green  the  whole  winter;  and  we  have  raised 
very  good  sod,  by  the  use  of  this  phosphate,  where,  without  it,  we 
were  unable  to  get  the  grass  to  grow  either  from  seed  or  by  repeat- 
edly sodding.  The  same  statement  applies  to  garden-truck ;  when 
the  soil  was  first  broken  up,  a  good  crop  of  vegetables  was  easily 
raised.  My  own  gardener  has  had  several  premiums  from  Phila- 
delphia seedsmen  (notably,  last  year,  the  first  premium  for  sugar- 
corn  raised  in  the  first  part  of  July,  being  the  first  sample  sent 
them). 

Our  method  of  applying  this  material  is  to  grind  the  slag  very 
finely,  so  that  at  least  60  per  cent,  of  it  will  go  through  a  150-raesh 
screen  {i.e.,  say,  22,500  meshes  to  the  square  inch),  and  90  per  cent, 
through  a  100-mesh  screen  {i.e.,  10,000  meshes  to  the  square  inch). 
This  fine  grinding  seems  to  be  the  main  condition  of  success. 

•*  Published  in  Trans.,  xvii.,  84. 
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We  have  had  wonderful  reports  of  its  effectiveness  from  different 
quarters.  In  some  instances,  it  is  declared  to  have  doubled  the  crop 
of  wheat  to  the  acre.  In  fruit-growing  districts,  also,  it  has  done 
well.  Some  claim  that  it  will  kill  the  curculio,  the  enemy  of  plum 
trees.  It  has  competed  successfully  in  Florida  with  fossil-phos- 
phates. The  very  fine  powder,  it  is  also  said,  will  destroy  the  bugs 
that  infest  rose-bushes  and  small  fruits,  and  potato-bugs  are  driven 
away  by  it.  It  may  be  fi\irly  claimed  for  it,  in  comparison  at  least 
with  all  crude  fertilizers,  that  it  can  transmit  into  the  soil  no  organic 
germs  of  vegetable  or  animal  character,  since  it  has  been  manufac- 
tured at  a  heat  of  nearly  3000  degrees  F. 

Probably  a  larger  amount  of  this  phosphate  is  used  than  of  any 
other  brand,  since  the  product  of  all  the  European  and  British  steel- 
works is  thus  absorbed.  It  was  some  years  before  the  English  (who 
are  slow  to  adopt  a  new  thing)  were  willing  to  use  it ;  and  one  of 
the  managers  of  a  well-known  English  basic  works  expressed  him- 
self as  considering  it  a  national  calamity  that  his  slag  was  taken  by 
the  Germans.  Since  then,  however,  it  has  been  consumed  at  home; 
and  I  sincerely  trust  that  the  people  of  the  United  States  will  soon 
learn,  in  like  manner,  to  realize  the  value  of  it. 

We  are  about  putting  in  a  new  mill  for  grinding  it,  and  hope  to 
have  a  constantly  increasing  demand.  Our  product  carries  over  20, 
sometimes  as  high  as  25  per  cent,  of  phosphoric  acid,  and,  at  the 
price  we  ask  for  it,  is  certainly  the  cheapest  phosphate  in  the  world. 

In  Germany  it  has  been  found,  by  practical  experiment,  that  the 
whole  of  the  phosphoric  acid  is  available,  though  for  chemical 
reasons  it  does  not  respond  to  the  same  tests  as  the  ordinary  acid 
phosphate. 

The  use  of  from  300  to  700  pounds  to  the  acre  is  desirable,  and  it 
should  be  put  into  the  soil  at  the  proper  depth.  The  full  effect  will 
not  be  shown  the  first  year;  but  its  beneficial  influence  will  last 
through  the  second  and  third  seasons,  and  by  constant  application 
its  value  to  the  soil  is  regularly  increased.  Along  with  suitable 
manure  to  furnish  the  ammonia,  or  with  Kainit  to  furnish  some  pot- 
ash, it  leaves  nothing  to  be  desired  as  a  model  fertilizer. 

Up  to  the  present  time,  between  4,000,000  and  5,000,000  tons 
have  been  sold. 

Our  slag  is  a  by-product  from  the  basic  Bessemer  converter.  Un- 
fortunately, the  slag  from  the  basic  open-hearth  furnace  is  not  nearly 
so  rich  in  phosphoric  acid,  and,  consequently,  is  not  so  well  adapted 
to  fertilizing  purposes. 
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THE  SIMULTANEOUS  PRODUCTION  OF  AMMONIA,   TAR 
AND  HEATING-GAS. 

BY  ALPHONSE  HENNIN,    SPRINGFIELD,   ILL. 

(Baltimore  Meeting,  February,  1892.) 

It  is  well  known  that  under  certain  conditions  ammonia  is  found 
in  the  gas  produced  by  the  distillation  of  coal.  Until  recently  it 
was  held,  and  many  still  believe,  that  this  ammonia  exists  in  the 
.coal,  and  is  a  natural  product  of  tiie  destructive  distillation,  varying 
in  percentage,  like  the  other  products,  according  to  the  nature  of  the 
coal,  but  not  formed  synthetically  beyond  that  limit.  This  opinion 
is  in  contradiction  with  well-established  facts  concerning  the  forma- 
tion of  ammonia  from  the  elements  of  the  coal.  If  any  ammonia 
exists  as  such  in  the  coal,  the  quantity  is  insignificant.  The  purpose 
of  this  paper  is  to  explain  the  theory  of  the  formation  of  ammonia 
during  distillation,  and  call  the  attention  of  the  members  of  the  In- 
stitute to  its  application  in  connection  with  the  production  of  heat- 
ing-gas for  metallurgical  purposes,  etc. 

For  many  years  little  or  no  importance  was  attached  to  the  pres- 
ence of  ammonia  in  coal-gas.  It  was  deemed  by  the  gas-manufac- 
turers an  undesirable  product  of  the  process,  as  one  of  the  impuri- 
ties to  be  removed  ;  and  no  attempt  was  made  for  its  recovery.  Not 
until  its  practical  extraction  and  utilization  was  found  possible,  did 
scientists  commence  to  investigate  the  question.  Little  was  known 
about  the  nitrogen  of  the  coal,  and  still  less  about  the  reactions  lead- 
ing to  its  transformation  into  ammonia.  A.  W.  Hofmann,  I  believe, 
was  the  first  to  establish  a  relation  between  the  percentage  of  nitro- 
gen in  the  coal  and  the  proportion  of  ammonia  in  the  coal-gas.  As 
early  as  1863  he  pointed  out  that,  in  dry  distillation,  such  as  is  prac- 
ticed in  the  manufacture  of  illuminating-gas,  only  one-third  of  the 
total  nitrogen  in  the  coal  is  liberated,  two-thirds  remaining  in  the 
coke.  It  is  no  longer  possible  to  doubt  that  the  ammonia  is  a  syn- 
thetical product,  resulting,  under  certain  conditions,  from  the  com- 
bination of  the  elements  of  the  coal. 

Chemistry  teaches  that  ammonia  is  formed  in  many  cases  when 
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nitrogen  meets  hydrogen,  the  latter,  or  both,  being  in  the  nascent  state. 
This  occurs  during  the  distillation  of  coal.  The  coal  contains  from 
less  than  1  to  2.5  per  cent,  nitrogen,  which  seems  to  be  mostly  in  the 
form  of  organic  compounds.  It  contains  also  hydrogen  in  different 
combinations.  As  soon  as  the  coal  reaches  a  bright  red  heat,  the 
formation  of  ammonia  takes  place. 

Repeated  experiments  have  shown  that  distillation  below  that  tem- 
perature does  not  produce  ammonia.  It  is  evident  that  high  tem- 
perature is  needed  to  liberate  the  nitrogen  from  its  compounds,  and 
also  to  set  free  the  hydrogen  at  the  same  time;  for  the  hydrogen 
must  be  present  at  the  instant  of  liberation  of  the  nitrogen,  and  must 
possess  the  peculiar  energy  of  the  nascent  state  to  form  ammonia. 
The  only  hydrogen  liberated  under  these  conditions  during  the  dis- 
tillation of  coal  is  derived  from  the  water  of  combination  of  the 
coal.  This  water  vaporizes  far  above  a  temperature  of  212°  F.,  and 
we  know  that  its  decomposition  is  not  complete  below  bright  red- 
heat. 

Moreover,  the  hydrogen  set  free  during  the  pyrogenous  reactions, 
so  well  described  by  Berthelot,  cannot  contribute  to  the  formation  of 
ammonia,  because  these  reactions  occur  after  the  exit  of  gas  from  the 
coal,  and  this  hydrogen  is,  therefore,  simply  a  split  from  the  carbu- 
retted  combinations.  The  conclusion  seems  to  me  to  be  inevitable, 
that  the  ammonia  is  formed  during  distillation  by  the  combination 
of  the  nitrogen  of  the  coal  with  the  hydrogen  set  free  in  the  decom- 
position of  the  water  of  combination. 

In  dry  distillation,  the  product  of  ammonia  does  not  exceed  10 
per  cent,  of  the  total  nitrogen,  being  limited  by  the  water  of  combi- 
nation of  the  cT)al.  This  conclusion  is  corroborated  by  the  fact  that 
in  blast-furnaces  where  raw  coal  is  used,  although  all  the  coal  is  con- 
sumed, and  consequently  all  the  nitrogen  is  liberated,  the  product  of 
ammonia  does  not  exceed  15  per  cent,  of  the  total  nitrogen.  In  ad- 
dition to  the  water  of  combination  in  the  coal,  there  is  doubtless  also 
a  proportionate  effect,  due  to  the  water  of  combination  of  the  iron- 
ore  and  flux,  perhaps  slightly  influenced  by  traces  of  water  carried 
into  the  furnace  with  the  air-blast. 

If  all  the  nitrogen  in  coal  could  be  converted  into  ammonia,  the 
value  of  this  product  by  itself  would  give  handsome  profits  on  the 
operation.  Indeed,  a  coal  containing  If  per  cent,  of  nitrogen  would 
produce  per  ton  the  equivalent  of  164  pounds  of  sulphate  of  am- 
monia, which,  at  the  present  price  in  the  United  States,  would  be 
worth  $5.     This  result  is  not  obtainable  in  blast-furnaces;  it  is  im- 


236  SIMULTANEOUS   PRODUCTION   OF   AMMONIA,    ETC. 

possible  in  the  manufacture  of  illuminating  coal-gas  or  of  coke;  but 
it  is  realizable  to  a  large  extent  in  the  manufacture  of  heating-gas  for 
metallurgical  and  other  uses. 

As  I  have  attempted  to  demonstrate,  the  nascent  hydrogen  from 
the  water  of  combination  of  the  coal  is  the  main  element  which 
accomplishes  the  transformation  of  the  nitrogen  into  ammonia. 
Hence,  the  more  water  the  more  ammonia.  If  a  sufficient  outside 
supply  of  water  is  given,  all  the  other  conditions  being  favorable, 
the  total  amount  of  the  nitrogen  may  be  secured  as  ammonia.  Prac- 
tice has  demonstrated  the  correctness  of  this  view.  In  1877,  Dr.  H. 
Grouven,  of  Leipzig,  discovered  that  in  a  large  excess  of  superheated 
steam,  when  the  necessary  conditions  of  temperature,  time  and  con- 
tact are  supplied,  combined  nitrogen  is  transformed  into  ammonia. 
He  applied  his  discovery  to  an  analytical  method  of  nitrogen  deter- 
mination, which  gives  concordant  results  with  other  accurate  methods. 
Later  on,  Beilby,  Foster,  Guegen  and  others  demonstrated  that  the 
coke,  which  retains  a  large  percentage  of  nitrogen  even  at  a  light 
red-heat,  parts  with  it  in  the  form  of  ammonia  in  the  presence  of  a 
large  excess  of  steam  at  an  intense  heat.  Since,  in  accomplishing 
this  result,  the  steam  is  decomposed  by  carbon,  liberating  hydrogen, 
and  the  carbon  is  transformed  into  carbonic  acid  and  carbonic  oxide, 
it  is  evident  that  we  have  here  the  elements  of  a  process  for  produc- 
ing simultaneously  lai-ge  quantities  of  ammonia  and  also  heating-gas 
of  high  calorific  value.  Between  this  theoretical  reaction,  however, 
and  the  establishment  of  an  economical  manufacturing  process,  there 
were  many  difficulties  to  overcome.  As  has  been  pointed  out,  the 
main  conditions  for  the  formation  of  ammonia  are  eminently  favor- 
able to  the  production  of  a  good  heating-gas.  But  high  tempera- 
ture is  not  compatible  with  a  large  excess  of  steam  unless  the  latter 
be  intensely  superheated  ;  and  such  a  temperature  cannot  be  main- 
tained for  any  considerable  time  without  an  outside  supply  of  oxygen 
or  an  expensive  external  heating.  Moreover,  steam  in  large  excess 
is  liable  to  produce  a  gas  very  high  in  carbonic  acid,  and  hence  of 
comparatively  little  calorific  value.  Nor  should  it  be  forgotten  that 
ammonia,  under  favorable  condition.s,  is  decomposed  at  a  temperature 
far  below  that  which  is  required  to  decompose  water  and  reduce  the 
carbonic  acid  into  carbonic  oxide.  The  practical  operation,  there- 
fore, must  be  so  conducted  as  to  maintain  the  proper  heat,  make  the 
conditions  for  the  decomposition  of  ammonia  as  unfavorable  as  pos- 
sible, and,  at  the  same  time,  produce  such  a  gas  as  is  required  in  the 
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metallurgy  of  irou  and  steel  where  rapidity  of  heating  and  melting, 
with  the  lowest  percentage  of  waste,  is  a  prime  consideration. 

I  have  found  that  when  high- pressure  steam  is  moderately  super- 
heated and  evenly  distributed  and  diffused  in  the  glowing  mass,  a 
limited  supply  of  air  drawn  into  the  generator  is  sufficient  to  main- 
tain the  temperature  needed  to  admit  continuously  from  one  to  one 
and  three-quarters  pounds  of  high-pressure  steam  to  the  pound  of 
coal,  and  that  this  proportion  of  steam  is  ample  to  provoke  the  neces- 
sary reactions  which  transform  into  ammonia  50  to  60  per  cent,  of 
the  total  nitrogen  of  the  coal,  and  still  to  produce  a  gas  of  the  fol- 
lowing composition : 

Per  cent. 

Carbonic  acid, 10.50 

Oxygen, 1.00 

Carbonic  oxide, 20.00 

Methan  and  homologous  compounds, 4.50 

Hydrogen, 38.00 

Nitrogen, 26.00 

100.00 

This  gas  is  rather  high  in  carbonic  acid  ;  but  the  total  of  combus- 
tible matter  is  considerable,  and  the  efficiency  of  the  gas  in  a  regen- 
erative furnace  for  heating  iron  is  very  great.  It  burns  with  a 
sharp,  white-bluish  flame,  not  without  luminosity,  and  heats  more 
rapidly  and  more  economically  than  the  ordinary  Siemens  gas. 

It  would  seem,  at  first  glance,  that  the  admission  of  1  to  1.75 
pounds  of  steam  to  the  pound  of  coal  would  have  a  high  cooling- 
effect,  hindering  the  steady  production  of  a  gas  of  the  above  com- 
position, if  the  carbon  is  taken  as  the  only  source  of  heat.  Practice 
shows,  however,  that  such  is  not  the  case.  There  are  different  ways 
of  accounting  for  this  result.  In  the  first  place,  independently  of 
the  heat  furnished  by  the  high-pressure  superheated  steam,  many 
reactions  producing  heat  occur,  such  as  the  formation  of  the  ammo- 
nia, etc.  On  the  other  hand,  the  gas  being  exhausted  at  high  speed, 
the  operation  takes  place  under  a  constant  partial  vacuum.  It  is 
presumable  that,  under  such  conditions,  the  chemical  reactions  to 
which  we  are  accustomed  are  modified,  and  that  we  are  in  the  presence 
of  phenomena  of  physical  and  thermo-chemical  order,  which  actuate 
the  distillation  of  the  volatile  matter,  promote  it  at  a  low  temperature, 
and  generally  facilitate  the  reactions.  Whatever  the  explanation,  the 
actual  result  is,  that  not  only  there  is  no  cooling-effect  in  the  con- 
tinuous production  of  the  above  gas,  but  that  the  temperature  has  a 
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tendency  to  increase  in  the  zone  of  combustion.  If  the  steam  has 
been  sufficiently  superheated  and  diffused  thoroughly  in  that  zone, 
it  is  practically  all  decomposed  during  the  operation;  and  the  reac- 
tions proceed  without  intermission,  the  liberated  nitrogen  being 
transformed,  in  the  presence  of  nascent  hydrogen,  into  ammonia, 
while  the  resulting  fuel-gas,  as  the  above  analysis  shows,  is  still  high 
in  hydrogen. 

The  danger  of  the  dissociation  of  the  ammonia  is  not  as  great  in 
practice  as  has  been  anticipated.  If  we  remember  in  what  infinitesi- 
mal proportion  the  ammonia  is  present,  diluted,  and  hence  practi- 
cally protected  by  the  other  gases,  it  is  evident  that  the  chance  for 
decomposition,  with  ordinary  care,  is  very  small.  And  if  the  product 
is  instantaneously  exhausted  from  the  hot  atmosphere,  carried  into 
the  cooler  zone  immediately  above,  and  led  out  through  green  fuel 
on  the  top,  the  ammonia  is  secured. 

With  well-devised  producers  and  the  proper  plant,  when  the  art 
of  managing  and  controlling  the  heat  in  the  different  zones  of  the 
fuel  bed  has  been  mastered,  there  is  no  difficulty  in  producing  regu- 
larly, with  the  proper  amount  of  steam,  from  each  ton  of  coal,  70  to 
80  pounds  of  sulphate  of  ammonia;  130,000  to  150,000  cubic  feet 
of  heating-gas  of  high  quality  ;  and,  in  addition,  some  15  to  20  gal- 
lons of  tar,  accoi'diug  to  the  nature  of  the  coal. 

The  generator  must  be  perfectly  accessible,  so  that  it  may  be  easily 
cleaned,  and  the  coal  may  be  perfectly  broken  through.  The  aim 
should  be  to  keep  the  fuel  like  a  sponge,  but  without  holes  or  cavi- 
ties. The  advantages  of  a  good  stirring  are  obvious ;  it  insures  the 
complete  diffusion  of  the  steam  through  the  glowing  mass,  maintains 
the  high  temperature  in  the  lower  part  of  the  generator,  and  keeps 
the  top  cool,  thus  tending  to  secure  economy  in  coal,  the  minimum 
of  necessary  cooling-surface  in  the  condensers,  and  the  maximum 
yield  of  ammonia.  The  carbonic  acid  should  be  kept  at  a  minimum. 
Its  formation  is  a  function  of  temperature;  the  lower  the  temperature 
at  which  the  carbon  and  air  or  the  carbon  and  steam  come  in  contact, 
the  more  carbonic  acid  is  formed.  It  must  not  be  forgotten  that 
the  depth  of  the  fuel  has  a  very  important  bearing  on  the  condition 
and  results. 

In  order  to  obtain  good  heating-gas  and  the  largest  yield  of  am- 
monia and  tar,  the  gas  must  be  well  cooled  and  well  scrubbed.  If  the 
gas  be  not  cooled,  the  quantity  of  water  which  it  will  suck  from  the 
washing-apparatus  is  so  great  as  to  destroy  the  value  of  the  gas  for 
heating  purposes,  while  the  ammonia,  even  if  it  be  in  the  form  of 
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fixed  salt  or  sulphate,  is  carried  away,  and  the  more  volatile  con- 
stituents of  the  tar  are  carried  forward  and  settle  in  the  conduits. 

The  system  is  entirely  smokeless,  and  has  the  further  advantage 
of  taking  sulphurous  and  sulphuric  acid  very  thoroughly  out  of 
the  gas. 

I  hope  this  subject  will  be  taken  up  by  all  manufacturers  interested 
in  the  production  of  heating-gas,  and  that  thorough  investigation  will 
lead  to  the  adoption  of  a  process  which,  in  my  estimation,  has  a 
most  promising  future. 

Discussion. 

BuEDETT  LooMiS,  Hartford,  Conn.  (Communication  to  the  Sec- 
retary) :  Mr.  Hennin's  paper  presents  some  remarkable  features.  He 
gives  the  analysis  of  a  gas,  of  which  he  says  he  can  produce  (in  ad- 
dition to  a  large  amount  of  ammonia)  from  130,000  to  150,000  cubic 
feet  from  1  ton  of  coal,  according  to  the  quality  of  the  coal.  jSTow 
1  ton  (2000  pounds)  of  Pittsburgh  coal  of  good  quality  has  a  capa- 
city of  about  28,000,000  heat-units;*  while  130,000  cubic  feet  of 
the  gas  represented  by  Mr.  Hennin's  analysis  should  give  32,128,000 
H.  U. 

But  he  asserts  also  that  he  will  get  from  15  to  20  gallons  of  tar. 
Since  15  gallons  of  tar  would  give  over  2,100,000  H.  U.,  we  have 
a  minimum  total  of  34,228,000  H.  U.  out  of  a  ton  of  coal  that  can 
give  only  28,000,000.  If  allowance  be  made  for  loss  of  heat  by 
radiation,  and  for  the  10  per  cent,  of  carbonic  acid  made  in  the  pro- 
cess, I  cannot  see  how  it  would  be  possible  to  get  over  25  out  of  the 
28,000,000  ;  but  Mr.  Hennin  claims  to  get  nearly  40  per  cent,  more 
than  he  starts  with.  If  we  adopt  his  highest  figures,  viz.,  150,000 
cubic  feet  of  gas  and  20  gallons  of  tar,  the  claim  is  still  more  sur- 
prising. 

A.  Staub,  New  York  City  (Communication  to  the  Secretary) : 
Mr.  Hennin  makes  no  mention  in  his  paper  of  the  process  employed 
at  the  works  of  Brunner,  Mond  &  Co.,  Lim'd,  at  Northwich,  Ches- 
hire, England,  which  was  fully  described  in  an  address  by  Mr.  Lud- 
wig  Mond,  the  senior  partner  of  that  house,  and  President  of  the 
Society  of  Chemical  Industry.  The  address  will  be  found  in  the  Jour- 
nal of  the  Society  for  the  month  of  July,  1889,  p.  505.  The  process 
was  inaugurated  on  an  experimental  scale  in  1884,  and  the  present 
large  works,  consuming  200  tons  of  coal-slack  daily,  were  built  in 

*  Or,  for  a  ton  of  2240  pounds,  a  little  over  31,000,000  H.  U.— K.  W.  K. 
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1887  aud  started  in  the  spring  of  1888.  Mr.  Mond's  address  gives 
the  average  results  of  a  full  year's  work,  based  upon  the  quantities 
of  product  actually  sold  or  utilized  in  the  adjoining  ammonia-soda 
works  of  the  company. 

Mr.  Hennin  (Communication  to  the  Secretary):  Not  having 
time  or  strength  at  present  to  devote  to  the  re-calculations  involved 
in  Mr.  Loomis's  criticism,  in  order  to  furnish  a  complete  reply  for 
simultaneous  publication,  I  must  content  myself  with  saying  that  I 
do  not  think  I  have  claimed  more  than  actual  results  will  substan- 
tiate, while  at  the  same  time  I  do  not  pretend  to  get  out  of  a  ton  of 
coal  more  heat-units  than  it  can  possibly  give. 

With  regard  to  Mr.  Mond's  process,  it  is  true  that  I  did  not  feel 
obliged  to  describe  it  in  my  paper,  any  more  than  to  quote  the  ex- 
periences and  publications  of  many  others  who  have  been  working 
in  the  same  direction.  Mr.  Mond's  address,  which  I  read  in  1889, 
gave  me  my  first  knowledge  of  the  existence  of  his  process.  In  Oc- 
tober of  that  year,  I  visited  hisNorthwich  ammonia-plant,  and  found 
that  there  was  a  wide  difference  between  his  process  and  the  one  on 
which  I  had  been  at  work  practically  for  over  a  year.  I  saw  enough 
in  my  short  visit  to  convince  me  that  his  object  was  entirely  different 
from  mine.  He  was  seeking  to  produce  the  maximum  amount  of 
ammonia,  sacrificing  to  that  purpose  the  quality  of  the  gas  and  neg- 
lecting tar  entirely.  My  main  object  was  a  rich  gas  for  metallur- 
gical purposes  ;  and  I  had  demonstrated  by  experience  that  this  could 
be  produced  under  conditions  which  would  permit  obtaining,  as  NHj, 
the  larger  part  of  the  nitrogen  of  the  coal  and  .saving  all  the  tar. 
That  the  practice  at  Xorthwich  differs  radically  from  mine,  could  be 
easily  shown  if  occasion  required. 
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BY  TITDS  ULKE,    WASHINGTON,   D.    C. 
(Baltiinore  Meeting,  February,  1892.) 

About  two  years  ago,  in  making  an  examination  of  the  Etta 
mine  for  the  Harney  Peak  Tin  Co.,  I  discovered,  in  a  vertical  secon- 
dary quartz-vein  in  the  granite  massive  of  Etta  mountain,  the  min- 
eral about  to  be  described.  The  vein  was  from  a  few  inches  to  3 
feet  wide,  and  was  exposed  for  a  length  of  about  15  feet.     It  was 
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found  to  contain,  irregularly  massed  at  certain  spots,  large  crystals 
of  cassiterite,  and  also  this  apparently  new  mineral,  which,  for 
reasons  that  will  presently  appear,  I  have  named  Cuprocassiterite. 
The  latter  seemed  to  be  a  pseudomorph  of  a  copper-bearing  decom- 
posed cassiterite  after  stannite,  or  after  the  brown-black  cassiterite 
found  in  an  undecomposed  state  in  the  same  place.  I  did  not  pur- 
sue my  investigation  farther  until  recently,  when  I  called  Professor 
F.  W.  Clarke's  attention  to  the  mineral.  A  more  accurate  investi- 
gation developed  the  following: 

Cuprocassiterite  is  a  light-yellowish  to  malachite-green  mineral  of 
an  earthy  fracture,  dull  glance,  and,  in  the  Etta  mine,  found  together 
with  cassiterite  filling  cavities  in  a  compact  quartz  gangue.  Hard- 
ness, 3;  specific  gravity,  nearly  5;  streak,  white.  Infusible  and 
turning  brownish-black  upon  ignition.  With  soda  or  potassium 
cyanide,  in  the  reducing-flame,  the  white  sublimate  characteristic  of 
tin,  and  a  reddish-white  easily  fusible  brittle  alloy  of  tin  and  copper 
are  obtained.  The  button  rapidly  turns  black,  owing  to  the  forma- 
tion of  a  coating  of  black  copper  oxide.  In  a  bead  of  borax  or 
microcosmic  salt,  the  characteristic  copper-reaction  is  obtained.  The 
mineral  dissolves  partly  in  acids,  leaving  a  residue  of  tin  oxide. 
Upon  analysis,  62  per  cent.  Sn,  13  per  cent.  Cu,  and  6  per  cent. 
HgO  were  found,  with  traces  of  iron  and  silica.  This  corresponds 
to  the  formula  4Sn02-f  Cu2Sn(HO)g. 

As  is  well  known,  there  is  yet  much  doubt  as  to  how  the  ancients 
obtained  their  bronze.  In  this  connection,  cuprocassiterite,  being  a 
copper- bearing  tin-stone,  and  capable  of  easy  reduction  to  a  copper- 
tin  alloy,  may  have  furnished  a  convenient  crude  material  for  the 
primitive  bronze  manufacture.  Possibly  an  allied  ore  may  have  oc- 
curred in  mineral  veins,  worked  in  the  pre-historic  Age  of  Bronze. 
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BY  GEORGE  FREDERICK  KUNZ,   NEW  YORK   CITY. 

(Baltimore  Meeting,  February,  1892.) 

The  garnet-district  of  Bohemia  is  situated  about  60  kilometers 
northwest  of  Prague,  and  is  bounded  on  the  north  by  Meronitz  and 
Trebnice,  12  miles  apart,  and  by  Decany  and  Skan  on  the  south. 
This  region  is  covered  with  alluvium  resting  on  the  diluvium,  which 
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is  undoubtedly  equivalent  to  our  glacial  drift,  and  in  turn  rests  on 
the  Cretaceous  Planer-kalk  formation.  All  these  strata  have  been 
penetrated  in  places  by  basaltic  and  phonolitic  outflows. 

A  tract  of  70  square  kilometers  constitutes  what  is  known  as  the 
garnet-district  of  Bohemia.  It  is  probable  that  garnets  may  be 
found  within  a  larger  area,  but  only  in  a  space  of  7  square  kilome- 
ters are  they  abundant.  They  are  found  loose  in  the  soil  or  in  the 
lower  part  of  the  diluvium,  or  are  embedded  in  a  serpentine  rock. 

The  deposits  containing  garnets  lie  on  the  Planer-kalk  formation. 
In  these  gravels  there  are  frequently  boulders  that  weigh  from  1 
ounce  to  200  or  300  pounds  each.  At  Linorka  I  observed  a  flint 
boulder  from  the  chalk  weighing  300  pounds,  and  a  quartz  boulder 
weighing  200  pounds,  both  of  which  had  markings,  evidently  glacial, 
and  lay  at  an  elevation  of  250  feet  above  the  garnet  deposits.  In 
addition  to  the  serpentine  there  are  two  distinct  basalts,  one  friable, 
with  crystals  of  unaltered  olivine  and  large  resplendent  crystals  of 
hornblende,  and  the  other  a  very  compact  phonolite,  containing  ooca- 
sional  crystals  of  sapphire,  ruby,  ilmenite,  and. green  pyroxene,  a 
variety  of  sahlite  sometimes  found  loose  with  the  garnets. 

Serpentine  is  said  to  occur  in  place  at  Starray,  8  kilos  northwest 
of  Trebnice,  and  is  believed  also  to  come  from  Linorka  mountain, 
about  the  same  distance.  The  garnet-bearing  layer  is  found  at  a 
depth  of  from  5  to  30  feet  at  Dlaschkowitz,  but  at  Meronitz  it  lies 
at  a  depth  of  200  feet  or  more. 

The  Bohemian  garnet  is  the  blood-red  pyrope  variety  (magnesia- 
iron-lime-alumina  garnet),  with  a  hardness  of  7.5  and  a  specific 
gravity  of  3.7  to  3.8,  and  not  the  purple  almaudite,  which  is  an 
iron-alumina  garnet  with  a  specific  gravity  of  4.2.  The  following 
are  the  most  important  analyses  published  : 


SiOj 

AI2O3 

FejOa 

MgO 

CaO 

FeO 

MnO 

CraOa 

Total. 

Incl. 
MiioOa 

I. 

40.00 

28.50 

16.50 

10.00 

3.50 

2.00 

100.75 

0.25 

II. 

43.70 

22.40 

5.60 

6.72 

11.48 

3.68 

6.52 

100.10 

III. 

42.08 

20.00 

11.. 51 

10.20 

1.99 

9.09 

3.01 

9S.20 

0.32 

IV. 

41.35 

22.35 

15.00 

5.29 

9.94 

2.59 

4.17 

100.69 

I.  Klaproth,  Beitr.  Chem.-IEn.,  1797,  ii.,  21  and  1810,  v.,  171. 
II.  Trolle-Wachtmeister,  Vet.  At,  Stockh.,  1825,  220. 

III.  Kobell,  Kastn.  Arch.  Nat,  ix.,  344. 

IV.  Moberg.      (Moberg   estimates   the  chromium   as   CrO   in   this   and   other 
pyropes.) 
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Apjdin  professes  {Phil.  Mag.,  3d.  series,  xix.,  594)  to  have  found 
in  the  Bohemian  pyropeS  per  cent,  of  yttria.  This  was  conclusively 
disproved  by  Hausmann  {Mineralogie,  1847,  ii.,  596). 

In  mining  for  garnets  the  earth  is  cut  down  in  banks,  and  only 
the  lower  layer  removed,  and  the  garnets  are  separated  by  washing. 
The  earth  is  first  dry-sifted  and  then  washed  in  a  small  jig,  consist- 
ing of  a  sieve,  moved  back  and  forth  in  a  tank  of  water.  The  gar- 
nets are  sorted  out  and  graded  according  to  size,  that  is,  according 
to  the  number  of  garnets  that  make  a  loth, — 96  loths  equalling  1 
Austrian  pound.  If  the  yield  is  a  good  one,  2  guldens  (80  cents)  a 
day  can  be  averaged  by  each  worker ;  1  gulden  is  the  usual  day's 
pav.  Frequently,  however,  only  50  kreuzers  (20  cents)  is  a  full 
day's  pay. 

The  diggings  are  worked  on  shares,  the  owner  of  the  estate  re- 
ceiving one-half  of  the  "find."  Count  Schonborn,  one  of  the  greatest 
land-owners,  receives  from  one  tract  of  land  6000  guldens  annually. 
In  1890  the  total  product  of  uncut  garnets  amounted  to  80,000 
guldens, — 40,000  for  the  owners  and  40,000  for  the  garnet-diggers. 

The  garnets  and  other  heavy  minerals,  as  they  are  found, — among 
which  are  occasionally  small  sapphires, — are  graded  together  accord- 
ing to  size  for  sale,  running  twenty,  thirty,  forty,  and  fifty  to  the 
loth,  the  loth  being  one-eighth  of  an  ounce  troy. 

There  are  1200  men  and  women  employed,  off  and  on,  in  digging 
and  washing  garnets.  3000  cutters  are  engaged  in  cutting  the  gar- 
nets. These  receive  from  5  to  7  guldens  ($2  to  §2.80)  a  week,  and 
work  twelve  hours  a  day.  The  garnets  are  mounted  by  200  firms, 
who  employ  1000  men  and  800  apprentices.  The  men  receive  from 
12  to  15  guldens  ($4.80  to  $6)  a  week  for  sixty  hours'  work.  The 
apprentices  serve  four  years,  and  receive  from  3  to  5  guldens  a  week 
(11.20  to  $2). 

The  mining  is  carried  on  in  the  vicinity  of  Lobositz,  Trebnitz, 
Triblitz,  Dlaschkowitz,  Podessditz,  Chrastov,  Meronitz,  and  Netluk, 
and  the  garnets  are  chiefly  cut  at  Turnau  and  its  vicinity,  where  of 
late  nearly  all  the  garnet-jewelry  has  also  been  produced,  and  in 
Rowensko,  Semil,  Sobotka,  Loranitz,  and  many  other  places  in  the 
same  neighborhood.  It  may  be  safely  said  that  this  garnet-industry 
gives  employment  to  about  10,000  persons  in  Bohemia. 

To  give  an  idea  of  the  increase  in  the  garnef- industry,  it  may  be 
observed  that  there  were  in  Bohemia,  at  the  time  of  the  first  national 
exposition  ever  held  anywhere  (at  Prague,  in  1791),  160  gold  and 
silver  artisans,  with  81  assistants  and  67  apprentices ;  341  cutters  of 
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precious  stones,  with  78  assistants  and  7  apprentices ;  4  cutting  firms, 
with  109  assistants  and  52  apprentices;  and  4  garnet-borers,  with  11 
assistants  and  3  apprentices.  During  the  past  forty:  years  the  pro- 
duction has  steadily  increased,  and  the  number  of  gold-workers  has 
almost  trebled.  To-day  there  are  in  Bohemia  600  gold-  and  sih^er- 
smithies,  in  which  over  3000  workmen  are  employed,  fully  three- 
quarters  of  whom  are  engaged  in  the  production  of  garnet-jewelry. 
Prague  and  its  suburbs  are  the  headquarters  of  this  industry. 

The  largest  garnet  ever  found  in  this  district  is  now  preserved  in 
the  Green  Vault  of  Dresden.  It  is  nearly  as  large  as  the  end  of  a 
man's  thumb,  quite  transparent,  and  almost  hyacinth  red  in  color. 

Among  the  minerals  found  in  this  locality  are  corundum,  in  the 
form  of  sapphire,  both  blue  and  red,  occasionally  fine  enough  to  cut 
into  gems  (a  light  blue  sapphire  of  two  carats  has  been  cut);  zircon, 
in  doubly  terminated  tetragonal  prisms,  similar  to  those  from  Ex- 
pailly,  France;  olivine  and  peridot  in  rolled  grains;  black  and  other 
colored  spinels;  amethyst;,  quartz  in  a  variety  of  forms;  common 
opal;  also  barite,  cyanite,  tourmaline,  augite  in  perfect  small  black 
crystals ;  biotite  in  cleavage  plates  ;  limonite,  hematite,  spherosiderite, 
(serine  (titanic  iron)  in  rolled  grains;  selenite,  aragonite,  chrome- 
green  pyroxene  in  beautiful  green  cleavage  pieces;  silicified  and 
opalized  wood ;  and  almandite  garnet  in  mica  schist.  Among  the 
rocks  are  serpentine,  porphyry,  talc,  talcoschist,  and  conglomerate 
from  the  tertiary  formations,  as  well  as  three  distinct  forms  of  basalt 
and  phonolite. 

The  following  are  a  few  of  the  more  important  fossils  in  the  dilu- 
vium, an  excellent  collection  of  which,  made  by  Dr.  Wenzel  Parek, 
is  now  on  exhibition  at  the  rooms  of  the  Trebnice  Society  of  Natural 
History : 

Elephas  primigenius  (mammoth) ;  Rhinoceros  tichorhinus  (woolly 
rhinoceros) ;  Antelodus  antiquitatis  ;  Rangifer  tarandus  (reindeer) ; 
Cervus  euryceros  (deer) ;  Cervus  (deer) ;  Equus  caballus  (horse) ; 
Equus  fossilis  minor  (horse,  Woldrich) ;  Bos  primigenius  (wild  ox); 
IJrsus  spelscus  (cave-bear);  Felis  spelsea  (cave-lion);  Sus  europasus 
(wild  boar). 

With  regard  to  the  origin  of  pyrope,  I  believe  there  can  be  no 
doubt  that  the  serpentine  in  which  it  occurs  in  this  locality  is  the 
result  of  an  alteration  from  peridotite  rock.  The  same  is  the  case 
at  the  Kimberly  mines  of  South  Africa,  and  in  Elliott  county,  Ken- 
tucky, as  also  at  Zoblitz  in  Saxony. 

Sandberger  {Neues  Jahrbuch  far  Mineralogie,  1865,  p.  449)  says 
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that  all  serpentines  containing  pyrope  are  the  result  of  alteration 
from  olivine. 

Doeher  [Tschermah's  3Iittheilungen,  1873,  p.  17)  says,  in  regard  to 
Meronitz  serpentine,  that  when  this  serpentine  was  microscopically 
examined,  one  could  readily  detect  traces  of  olivine,  and,  in  parts, 
the  structure  of  the  original  olivine  rock.  For  an  excellent  resume 
on  this  subject  of  pyrope,  see  Hintze's  Handbuch  der  Mineralogie, 
1890,  8vo.,  part  i.,  pp.  62-67. 

I  have  never  seen  pyrope  found  in  crystalline  rock.  In  view  of 
these  facts  I  would  suggest  that  the  pyrope  form  of  garnet  is  in- 
digenous to  an  eruptive  rock,  whereas  the  almandite  form  is  peculiar 
to  raetamorphic  and  schistose  rocks.  This  holds  true  at  the  Stickeen 
river  locality  in  Alaska,  and  at  the  immense  garnet-deposits  in 
Canada  and  in  Lewis  county,  N.  Y. 

The  garnets  of  Windham,  Me.,  of  Burke  county,  ISF.  C,  and 
those  on  the  island  of  New  York,  in  the  Tyrol,  and  the  ordinary 
almandite  garnets  of  commerce  are  mined,  as  are  also  the  famous 
Syriam  and  Pegu  garnets,  both  of  which  are  of  the  almandite  variety; 
while  the  pyrope-garnets,  found  loose  in  the  sands  with  rolled  grains 
of  olivine,  on  the  Navajo  Reservation  in  Arizona,  are  derived  from 
an  altered  peridotite. 

It  is  well  known  that  in  1870  a  yellow  diamond,  weighing  about 
three-fourths  of  a  carat,  broken  on  one  end — a  curiously  distorted 
crystal  resembling  the  Brazilian  rather  than  the  South  African  type 
— was  found  in  the  Bohemian  district  among  a  number  of  garnets, 
and  was  brought  by  the  finder  to  one  of  the  overseers  of  Count 
Schonborn's  estate.  This  stone  was  examined  at  the  time,  its  genu- 
ineness attested  by  the  signature  of  a  number  of  leading  scientific 
men,  and  it  was  then  placed  in  the  public  museum  of  Prague. 

Stelzner*  says  in  1870  that  the  diamond  found  here  may,  like 
hyacinth,  corundum,  and  other  minerals,  have  had  its  origin  in  the 
basalt.     It  may  also  have  come  from  the  crystalline  schists. 

According  to  the  knowledge  of  petrography  at  that  time,  not 
much  significance  was  attached  to  this  diamond  ;  and  the  authenticity 
of  its  discovery  was  even  doubted  by  some.     But  Lewisf  and  Diller| 

*  Sitzungbericht  der  naturwissenschaftlichen  Gesdlschaft  Isis,  Dresden,  Saxony,  March 
17,1870,  pp.  12  to  19. 

t  H.  Carvill  Lewis,  "Genesis  of  the  Diamond,"  in  tlie  Report  of  the  B.  A.  A.  S. 
for  1886,  p.  667.     Science,  vol.  viii.,  p.  345. 

X  J.  S.  Diller,  "Peridotite  of  Elliott  County,  Kentucky."— .4mer.  Jour.  ScL,  III., 
vol.  xxxii.,  p.  121,  August,  1886.  Bull.  U.  S.  Geol.  Survey,  No.  38,  Washington, 
1887. 
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nave  now  shown  that  the  South  African  diamond-bearing  rock  is  an 
altered  peridotite  enclosing  fragments  of  carbonaceous  shale ;  and 
Roscoe*  has  suggested  that  possibly  from  the  condensation  of  a  hy- 
drocarbon distilled  from  this  shale  while  it  was  enclosed  in  the 
magma  of  the  peridotite,  diamonds  might  result;  and  since,  twenty 
or  thirty  miles  north  of  the  garnet  district  in  Bohemia,  there  are  the 
numerous  outflows  of  basaltic  rock  (pre-basaltand  post-basalts)  which 
pierce  the  coal-measures,  while  the  material  of  the  garnet  layers  has 
evidently  been  transported  from  this  direction — it  seems  quite  pos- 
sible that  this  diamond  may  really  be  a  genuine  Bohemian  stone, 
having  been  formed  under  conditions  identical  with  the  occurrence 
of  diamonds  at  Kimberly,  South  Africa. 

The  existence  of  garuet-deposits  in  Saxony  is  mentioned  as  early 
as  1546  by  Agricola,  who  says  that  the  finest  carbuncles  and  hya- 
cinths can  be  washed  out  of  the  gravels  in  the  creeks  near  Hohen- 
stein,  in  Meissen,  Saxony. 

Gotzinger  in  1804  said  that  garnet,  hyacinth,  and  iron-sand  were 
not  as  plentiful  as  they  had  been  one  hundred  years  before.  In 
1715-16  a  raining  company  under  the  name  of  "  Granaten  Gewerk- 
schaft"  obtained  numerous  privileges  for  the  mining  of  the  iron- 
sand  containing  the  garnets;  and  in  1723  a  coin  was  struck  from  a 
metal  taken  from  the  sand. 

Stelzner  says  the  locality  in  Dlaschkowitz  is  almost  identical  geo- 
logically with  that  known  as  Seifengrundel,  near  Hinterhelmsdorf 
in  Saxon  Switzerland. 

A  fine  zircon  crystal,  eight  millimeters  in  length,  from  this  locality, 
is  among  the  series  of  smaller  crystals  in  the  Werner  collection  at 
Freiberg.  Formerly  crystals  of  zircon  from  this  locality  were  sold 
in  Dresden  at  from  seven  to  ten  dollars  each. 

The  following  references  to  the  literature  of  the  subject  may  prove 
of  value: 

Jaraslov,  Jalir.  Anzeiger  der  Kaiser  Akademie  der  Wissensch.  in 
Wien,  1891,  vol.  xv.,  p.  147. 

F.  A.  Reuss,  Bemerkungen  anf  dner  Reise  durch  einige  Gegenden 
des  Leitmeriizer  Kreises,  1786.  Ahhandl.  der  konigl.  bbhm.  GeselLsch. 
der  Wissensch.,  I.  Folge,  2d  vol.,  p.  25ff.  Orographie  de^  nordwest- 
lichen  Mittelgehirges  in  Bohmen,  Dresden,  1790,  p.  144  ff. :  Die 
Granatengruben,  Mineralogische  Geographie  von  Bohmen,  Dresden, 

*  Sir  Henry  Eoscoe,  Manchester  Literary  and  Philosophical  Society,  October, 
1884. 
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1793,  I. ;  Zusatze  zur  Orographie  des  nordwestlichen  Mittelgebirges, 
p.  383  fif. 

A.  V.  Humboldt,  Humboldt  and  Freiesleben's  Geognostische  Beo- 
hachtungen  auf  einer  Reise  durch  einen  TJieil  des  bohmischen  Mittel- 
gebirges.    Bergmdnnisches  Journal,  1792,  vol.  1,  p.  254  ff. 

L.  V.  Buch,  Ueber  die  Muscheln  in  Gh^anatlager  von  Triblitz.  Kar- 
sten's  Arcliiv  fur  Mineralogie,  Geognosie,  etc.,  Berlin,  1838,  vol.  xi., 
p.  315  ff. 

Caspar  Graf.  Sternberg,  Ueber  die  Triblitzer  Pi/ropenlager,  in  den 
Verhandlungen  der  Gesellschaft  des  vaterldndischen  Museums,  Brag, 
1825. 

A.  E.  Reuss,  Ueber  das  Vorhommen  des  Pyrops  in  Bohmen  (Kar- 
sten's  Archiv,  1838,  vol.  xi.,  p.  298  ff.) ;  Geognotische  Skizzen  aus 
Bohmen,  Bd.  I.,  Prag,  Leitmeritz  und  Teplitz,  1840,  pp.  155,  161, 
272  ff.,  290,  197  ff.,  Die  Umgebungen  von  Teplitz  und  Bilin,  mit  einer 
geologischen  Karte,  auf  welaher  auch  die  Pyropensande  aufgenotiimen 
sind;  Bd.II.,  Prag.,  1844  {Die  Kreidegebilde  des  westlichen  Bohmens), 
p.  130  ff.,  142  ff.,  169  ff..  Die  Versteinerungen  der  bohmischen  Krei- 
deformation,  II.  Abth.,  Stuttgart,  1846,  p.  164  ff.,  etc.  Kurze 
Uebersicht  der  geognostischen  Verhdltnisse  Bohmens,  Prag,  1854,  p. 
86  ff.,  etc. 

H.  B.  Geinitz,  Charakteristik  der  Schichten  und  Petrefacten  des 
sdchsischen  Kreidegebirges,  Dresden  und  Leipzig,  1839  to  1842,  p. 
112  ff.     Das  Elbthalgebirge  in  Sachsen,  Cassel,  Palssontographica, 

vol.  XX. 

See  also  H'mtze' sMineralogie,  8vo,  Part  I.,  Leij>zig,  1890,  pp.  62 
to  67. 

F.  V.  Hochstetter,  Jahrbuch  der  k.  k.  Geol.  Reichsanstalt,  Jahrg., 
1856,  p.  844  ff. 

J.  Krejei,  Geologic,  Prag,  1877,  pp.  908,  1001.  Vorbemerkungen 
und  Studien  im  Gebiete  der  bohmischen  Kreideformation  {Allegemeine 
und  geologviche  Verhdltnisse,  sowie  die  EintheUung  der  bohmischen 
Kreideformation)  im  Archiv  der  naturwissenschaftlichen  Landesdurch- 
forschung  von  Bohmen,  I.  Bd.,  II.  Abth.,  pp.  55,  62,  QQ. 

K.  Ritter  v.  Koristka,  Das  Terrain  und  die  Hohenverhdltnisse  des 
Mittelgebirges  und  des  Sandsteingebirges  in  nbrdlichen  Bohmen,  in 
Archiv  der  naturwissenschaftlichen  Landesdiirchforschung  von  Bohmen, 
I.  Bd.,  I.  Abth.,  p.  22  ff.  Erste  Serie  gemessener  Hohenpunkte  in 
Bohmen,  Ibid.,  p.  208  ff.  [iSammt  Karte  dieser  gegend). 

A.  Fric,  Palxontologische  UntersucJmngen  der  einzelnen  Schichten 
der  bohmischen  Kreideformation.     Im  Archiv  yiatuncissenschaftlichen 
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Landesdurcliforscliung  von  Bohmen,  Bd.  VII.,  No.  2.  TepUtier 
Schichten,  p.  39,  etc,  Auch  die  betreffenden  Angaben  und  Bemer- 
hungen  in  seinen  palxontologischen  Monographien,  sowie  in  jenen  von 
Ot.  Novak  und  Ph.  Tceta. 

Y.  Zahalka  {In  den  Sitzungisberichten  der  konigl.  bohmischen  Gesell- 
schaft  der  Wissenschaften) :  Die  Vei'breitung  des  pyropenfuhrenden 
Schotters  in  bohmischen  31ittelgebirge,  1883,  p.  396  if.  Ueberdie  den 
Pyrop  begleitenden  Gesteine  im  bohmischen  31ittelgebirge,  1883,  p.  461 
ff.  Beitrag  zu  den  geologischen  Verhdltnissen  den  bohmischen  Mittel- 
gebirges,  1884,  p.  97  ff.  Zweiter  Bericht  ueber  die  geologischen  Ver- 
hdltnisse  des  brozaner  Plateaus,  1887,  p.  258  ff.  {In  der  naturwis- 
senschaftlichen  Zeitschrift  Vesmir) :  Der  bohmische  Granat,  1883. 
Ueber  die  geologischen  Verhdltnisse  des  Pyropenschotters  im  bohmi- 
schen Mitlelgebirge,  1884.  Ueber  die  Mineralien  der  Pyropensande 
des  bohmischen  Mittelgebirges,  1884. 

Discussion. 
R.  W.  Raymond,  Xew  York  City  :  AVhile  a  student  at  Freiberj^, 
Saxony,  more  than  thirty  years  ago,  I  made  a  pedestrian  journey 
into  Bohemia,  and  visited  in  passing  the  garnet-mines  at  Meronitz. 
Mr.  Kunz  describes  the  pr&sent  workings  as  exclusively  open  quar- 
ries, and  he  informs  me  that  he  saw  and  heard  nothing  of  under- 
ground garnet-mining  during  his  recent  visit.  At  the  time  to  which 
I  refer,  the  contrary  was  the  case.  At  least,  if  pyrope  garnets 
were  then  obtained  in  that  district  from  surface- workings,  such 
operations  did  not,  so  far  as  I  now  recall,  come  to  my  notice ;  and 
the  mines  I  visited  were  worked  through  shafts,  a  little  over  160 
feet  deep.  Not  having  at  hand  the  notes  I  made  on  the  spot,  I  will 
quote  from  an  earlier  authority  (Cotta's  Lcitfaden  der  Geognosie, 
1849,  p.  239)  the  following  particulars  as  to  the  formation  : 

"South  of  Meronitz,  in  a  basin  surrounded  by  basaltic  hills,  is  a  low  hill,  the 
composition  of  which,  as  shown  in  the  pyrope-shafts  to  the  depth  of  27  fathoms  is 
as  follows: 

Fathoms. 

Clay  with  thin  layers  of  coal, 0.50 

Calcareous  marl  and  limestone,  dolomitic  and   ferruginous,  en- 
closing breccia  of  planer-fragments  (shales),  .         .         .         .     2.33 

Sandy  bed,  carrying  garnets, 0.16 

Clay^and  calcareous  marl, 0.15 

"At  the  base  of  this  series  occurs  the  workable  garnetiferous  bed  (thickness  not 
determined) :  an  argillaceous  conglomerate,  containing  predominantly  dolomitic 
nodules,  and  also  debris  of  serpentine  with  pyrope,  talc,  soapstone,  kaolin,  mica, 
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granite,  granulite,  gneiss,  mica-slate,  chert,  quartz,  opal,  etc.  The  cementing  ma- 
terial often  grades  into  vitrite  (opal-rock)  and  contains,  besides  the  fragments  above 
named,  innumerable  entire  or  freshly-broken  pyropes,  which  are  won  by  mining, 
and  also  many  small  Cretaceous  fossils,  which  have  been  transformed  into  iron 
pyrites.  These,  however,  like  the  garnets,  have  been  brought  to  their  present  lo- 
cality by  a  secondary  deposition." 

It  will  be  seen  that  the  working  of  this  deposit  by  shafts  and 
drifts  was  analogous  to  the  deep  cement-raining  practiced  in  some 
of  the  California  gold-districts.  The  conglomerate  (locally  known 
to  the  miners  in  1860  as  'pechstein),  though  tolerably  solid  in  the 
mines,  soon  disintegrated  upon  exposure  to  the  atmosphere;  the 
most  active  agent  of  this  decomposition  being  the  extremely  rapid 
oxidation  of  the  small  pyritized  fossils  abundantly  distributed 
through  the  mass.  The  behavior  of  these  was  exceptional.  I  re- 
member that  samples  which  I  brought  from  Meronitz  repeatedly 
ate  their  way  through  the  pasteboard  boxes  that  contained  them  in 
the  drawers  of  my  cabinet. 

After  lying  on  the  dumps  for  three  months,  the  material  was  so 
thoroughly  decomposed  that  it  could  be  washed  without  crushing, 
to  recover  the  garnets,  which  were  then  sized  for  sale,  the  larger 
ones  being  cut  as  jewels,  while  the  smallest,  together  with  the  cut- 
tings from  the  former,  were  powdered  for  lapidaries'  use. 


NOTE  ON  A  COLLECTION  OF  TERTIARY  FOSSIL 
PLANTS  FROM  POTOSI  BO  LIMA. 

BY  PROF.    N.    L.    BRITTON,    COLUMBIA  COLLEGE,    NEW  YORK  CITY. 
(Plattsburgh  Meeting,  June,  1892.) 

About  two  years  ago  Dr.  Newberry  referred  to  me  for  study  a 
considerable  collection  of  fossil  plants  sent  him  by  Dr.  Arthur  F. 
Wendt,  engineer  of  the  silver  mines  "El  Cerro  Rico  de  Potosi"  in 
Bolivia.  As  I  had  been  interested  in  working  up  the  extensive 
accumulations  of  existing  plants  made  by  Dr.  H.  H.  Rusby  in  the 
Bolivian  Andes  further  north,  and  in  assisting  Dr.  Rusby  in  the 
study  of  those  now  being  collected  by  Mr.  Miguel  Bang  in  other 
parts  of  that  country,  I  was  glad  of  an  opportunity  of  ascertaining 
something  of  the  Tertiary  flora  of  the  region.  I  was  unable  to  take 
up  the  subject  at  that  time,  but  have  since  been  able  to  conclude  the 
investigation,  and  the  results  are  here  presented. 
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Dr.  Wendt  has  given  a  detailed  account  of  the  topography  and 
geology  of  the  district  in  the  Transactions  of  the  Institute  (xix., 
74-103,  1890).  The  deposit  containing  the  vegetable  remains  is 
alluded  to  by  Dr.  Carl  Ochsenins  in  the  Zeitsehrift  der  deutschen 
geologischen  Gesellschoft,  vol.  xxxix.,  p.  312  (1887),  in  his  paper  on 
the  age  of  a  portion  of  the  South  American  Andes,  and  Herr  H. 
Engelhardt  has  described,  in  Sitzungsberichte  und  Abhandlungen  der 
naturwissenschaftlichen  Gesellschaft  Isis  in  Dresden,  1887,  pp.  36- 
38,  some  of  the  fossils  which  were  first  observed  by  Dr.  F.  A. 
Canfield. 

The  strata  containing  the  plant-remains  have  been  alluded  to  by 
Dr.  Wendt  as  fine-grained  sandstones.  Suspecting  that  they  might 
prove  to  be  beds  of  volcanic  ashes,  I  requested  my  colleague,  Prof. 
James  F.  Kemp,  to  submit  the  rock  to  a  microscopical  examination, 
and  the  result  of  this  confirms  my  supposition,  as  will  be  seen  from 
the  following  report : 

A  thin  section  was  prepared,  and  with  crossed  nicols  is  seen  to  be  composed  in 
largest  part  of  an  isotropic  substance,  through  which  are  scattered  minute  feldspar 
rods.  This  is  undoubtedly  a  volcanic  glass,  and  the  deposit  is  formed  of  fine  dust, 
pumiceous  in  character  and  very  likely  water-sorted  and  deposited.  The  glass  has 
suffered  some  devitrification  from  decay. 

J.  F.  Kemp. 

There  can  be  no  doubt,  from  Dr.  Wendt's  description  and  from 
the  appearance  of  the  hand-specimens,  that  the  material  is  stratified. 
From  his  account  it  seems  also  clear  that  it  is  of  a  very  local  char- 
acter. 

I  have  been  able  to  refer  most  of  the  fossil  plants  to  genera  now 
existing.  It  may  be  that  some  of  the  species  represented  are  the 
same  as  living  forms,  but  the  fragmentary  nature  of  the  fossils  ren- 
ders it  impossible  to  decide  this  point  satisfactorily. 

The  following  is  a  list  of  the  species  determined,  with  references 
to  the  corresponding  figures  in  the  accompanying  illustrations  : 

ZYGOPHYLLE^. 

PORLIERA  TERTIARIA,  n.  sp. 

Leaves';^pposite,  pinnate,  sessile,  7-8  mm.  long,  4-5  mm.  wide, 
obtuse  at  the  apex  ;  ruchis  prominent ;  leaflets  crowded,  sessile,  about 
9  pairs  and  an  odd  one,  linear-oblong,  entire,  obtuse,  1.5-2  mm. 
long,  about  0.7  mm.  wide.     (Figs.  71,  72,  73,  74,  75.) 

PorUera    is    a  genus    of  shrubby    plants,    composed    of  several 
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species,  natives  of  the  southwestern  United  States,  Mexico,   and 
southwestern  South  America. 

LEGUMINOS^. 
Amicia  antiqua,  n.  sp. 

Leaflets  cuueate,  obcordate  with  rounded  lobes,  entire,  some- 
what inequilateral,  about  2  cm.  long  and  12  ram.  wide  at  the  sum- 
mit; midvein  straight;  lateral  veins  pinnately  arranged,  anastomos- 
ing.    (Fig.  11.) 

A  single  well-defined  specimen.  Another  shown  in  Fig.  45  I 
refer  here  with  hesitation. 

The  genus  Amicia  contains  4  living  species  so  far  as  known, 
natives  of  the  Andes  of  South  America  and  Mexico.  The  leaflet 
here  described  is  similar  to  tho.se  of  A.  Lobbiana,  Benth.,  from  high 
altitudes  in  the  Bolivian  Cordillera. 

Cassia  chrysocarpoides,  Engelhardt. 

Cassia  chrysocarpoides,  Engelh.,  Abh.  Nat.  GeseU.  Isis,  1887,  37, 

t.  i.,  f.  15. 

Leaflets  ovate,  or  oval,  entire,  obtuse  at  the  apex,  rounded  and 
inequilateral  at  the  base,  thin,  3-3.5  cm.  long,  1.5-1.7  cm.  wide; 
midvein  prominent;  lateral  veins  10-13 on  each  side,  slender, curved 
upward,  united  at  a  short  distance  from  the  margin.  (Figs.  29,  30, 
31,32,  33,34,35.) 

Numerous  specimens.  Figs.  36  and  .37  probably  represent  small 
leaflets  of  this  species. 

Cassia  cristoides,  Engelhardt. 

Cassia  cristoides,  Engelh.,  loc.  cit.,  37,  t.  i.,  f.  13. 

Leaflets  oblong  or  oblong-lanceolate  2-3  cm.  long,  about  1  cm. 
wide,  obtuse,  retuse  or  short-mucronate  at  the  apex,  narrowed  at  the 
base;  midvein  prominent;  lateral  veins  about  7  pairs,  curved  up- 
wards and  united  near  the  margin.     (Figs.  40,  41,  42,  43,  44.) 

Cassia  ligustrinoides,  Engelhardt. 

Cassia  ligustrinoides,  Engelhardt,  loc.  cit.,  37,  t.  i.,  f.  16. 

Leaflets  lanceolate  and  oblong-lanceolate,  acute  or  obtusish  at  the 
apex,  narrowed  and  slightly  inequilateral  at  the  base,  entire,  3-5.5 
cm.    long,    6-15    mm.    wide;    midvein    prominent;    lateral    veins 
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slender,  curved  upwards,  united  near  the  margin.    (Figs.  21,22,  23, 
24,  25,  26,  27,46,47,  48,  63?) 

Numerous  specimens  in  the  collection.  Fig.  26  is  nearest  in  form 
to  the  leaflet  figured  by  Engelhardt.  Fig.  27  I  refer  here  with  hesi- 
tation, supposing  it  to  represent  a  young  leaflet.  Of  Fig.  63  I  am 
altogether  doubtful. 

Cassia  Wendtii,  n,  sp. 

Leaflets  oblong,  entire,  1—2  cm.  long,  5-7  mm.  wide,  obtuse  at 
the  apex,  narrowed  and  somewhat  inequilateral  at  the  base;  mid- 
vein  slender ;  lateral  veins  7-9  pairs,  curved  upwards,  united  near 
the  margin.     (Figs.  52,  53,  54,  55,  56,  57,  58.) 

Specimens  of  this  small  leaflet  are  very  abundant  in  the  col- 
lection. Fig.  57  has  its  base  folded  in  so  as  to  appear  as  illus- 
trated. 

Cassia  is  a  very  large  genus,  comprising  herbs,  shrubs,  and  trees, 
and  many  species  occur  in  the  present  flora  of  South  America. 

Swertia  teetiaria,  Engelhardt. 
Swertia  tei'tiaria,  Engelh.,  loc.  cit.,  38,  t.  i.,  f.  11. 
I  have  not  found  anything  to  answer  to  this  leaf  in  the  collection. 
Herr  Engelhardt's  figure  is  reproduced  in  my  Fig.  79. 

SAXIFRAGES. 
Escalloxia  "Wendtii,  n.  sp. 
Leaves  elliptic,  obtuse  at  each  end,  crenulate,  about  4  cm.  long 
and    2    cm.    wide;    midvein    prominent;    lateral    veins    pinnately 
arranged.     (Figs.  14,  15.) 

Only  the  two  specimens  figured  were  seen.  Escallonia  is  a  wide- 
spread genus  of  shrubs,  containing  many  South  American  species. 

COMBRETACES. 
Terminalia  antiqua,  n.  sp. 

Samaras  entire,  broader  than  high,  notched  at  the  summit,  2-2.5 
cm.  wide,  1.5-2  cm.  high,  abruptly  contracted  or  slightly  cordate  at 
the  base,  borne  on  a  slender  stalk  of  about  their  own  length  ;  veins 
of  the  wings  slender,  numerous,  simple,  reaching  to  the  margin, 
slightly  upwardly  curved.     (Figs.  16,  28,  68,  69,  70.) 

I  first  thought,  from  an  examination  of  an  incomplete  specimen 
with  obscure  nervation,  that  this  fruit  belonged  to  the  genus  Dodanaa, 
of  the  order  Sapindacese;  but  additional  material,  furnished  by  Dr. 


TERTIARY   FOSSIL    PLANTS    FROM    POTOSI,    BOLIVIA.  255 


Fig.  19 


24 


29 


34 


40 


256  TERTIARY    FOSSIL    PLANTS    FROM    POTOSI,    BOLIVIA. 

Wendt,  shows  the  nervation  very  well.  These  samaras  closely  re- 
semble those  of  a  species  of  Terminalia,  related  to,  if  not  identical 
with,  T.  ohionga,  Pers.,  collected  by  Bernouilli  in  Guatemala  (No. 
525  of  his  distributed  collection).  The  genus  comprises  numerous 
living  species,  natives  of  warm  and  tropical  regions,  both  of  the  New 
World  and  the  Old. 

The  leaves  shown  in  Figs.  38  and  39  may  go  with  this  samara, 
otherwise  I  have  not  been  able  to  refer  them. 

LYTHRARIE^. 

CUPHEA  ANTIQUA,    n.  Sp. 

Leaves  ovate,  about  1.5  cm.  long,  7-9  mm.  wide,  acute  at  the  apex, 
rounded  or  slightly  cordate  at  the  base,  entire,  3-nerved,  with  2  or 
3  pairs  of  lateral  veins  which  are  curved  upwards  and  united  in 
loops.     (Figs.  49,  50,  51.) 

Cuphea  is  a  genus  of  a  very  large  number  of  herbaceous  plants, 
very  abundant  in  South  America.  Only  the  three  specimens  figured 
were  found  in  the  collection. 

PASSIFLOREJE. 

Passiflora  (?)  Canfieldi,  n.  sp. 
Leaves  3-lobed,  3-nerved,  apparently  thick,  rounded  at  the  base, 
1.1-5  cm.  long,  the  lobes  obtuse  with  crenulate  margins.     (Figs.  12, 

13.) 

I  am  very  doubtful  of  my  reference  of  this  leaf  to  Passiflora ; 
but  it  is  the  only  suggestion  at  all  satisfactory  that  comes  to  me. 

EUPHORBIACE^. 
Euphorbia  (?). 
A  specimen  of  a  coarser-grained  rock  than  that  bearing  most  of 
the  leaf  impressions,  loaned  me  by  Mr.  Canfield,  contains  casts  of  a 
stem  2  cm.  in  diameter,  with  a  rough,  nodose  surface,  which  reminds 
me  of  that  of  some  of  the  fleshy  Euphorbias  of  South  America.  I  have 
detected  no  structure  in  the  specimens.  One  of  them  is  represented 
in  side-view  by  Fig.  59,  and  its  end  is  shown  in  Fig.  60. 

MYRICACE^. 
Myrica  banksioides,  Engelhardt. 
Myrica  banksioides,  Engelhardt,  loc.  cit,  36,  t.  i,  Figs.  10,  14. 
Leaves  linear  to  linear-lanceolate,  firm,  4.6  cm.  long,  5-9  mm.  wide, 
acute  or  acuminate  at   the  apex,  narrowed  at  the  base,  sharply  and 
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rather  finely  serrate;  raidvein  prominent;  lateral  veins  12-20  pairs, 
straight,  ending  in  the  teeth.     (Figs.  5,  6,  7,  8.) 

This  is  compared  by  Engelhardt  to  M.  banksifoUa,  Unger,  a 
species  of  the  European  Tertiary.  It  is  a  common  species  in  the 
Potosi  deposit,  and  the  collection  contains  numerous  specimens  of  it. 

Myrica  Wjendtii,  n.  sp. 

Leaves  lanceolate  or  oblong-lanceolate,  6-10  cm.  long,  1-2  cm. 
wide,  acute  or  acuminate  at  the  apex,  narrowed  at  the  base,  coarsely 
and  irregularly  dentate;  midvein  prominent;  lateral  veins  straight*, 
ending  in  the  teeth.     (Figs.  1,  2,  3,  4,  20.) 

This  is  clearly  distinct  from  31.  banksloides.  The  collection  con- 
tains no  perfect  specimen,  nor  are  these  as  numerous  as  those  of  the 
latter. 

Myrica  Engelhardtii,  n.  sp. 

Leaves  oblong,  narrowed  and  somewhat  cuaeate  at  the  base,  ob- 
tusish  at  the  apex,  finely  and  not  deeply  serrate,  2.5  cm.  long,  5 
mm.  wide;  lateral  veins  about  17  pairs,  straight,  ending  in  the  teeth. 
(Fig.  19.) 

A  single  specimen  seen. 

Myrica  Potosina,  n.  sp. 

Leaves  oblong,  acute  (?)  at  the  apex,  rounded  at  the  base,  sharply 
and  finely  serrate,  about  2  cm.  long,  5-6  mm.  wide;  midvein  promi- 
nent ;  lateral  veins  slender,  ending  in  the  teeth.     (Figs.  9,  10.) 

In  the  reference  of  these  leaves  to  the  genus  Myriea  I  have  fol- 
lowed Herr  Engelhardt.  I  first  supposed  them  to  belong  to  Lomatia, 
a  genus  of  the  Proteacese,  and  alluded  to  them  as  such  in  a  letter 
which  Dr.  AYendt  has  published  in  his  account  of  the  region.  But 
I  now  think  Engelhardt's  supposition  is  more  nearly  correct  than 
mine. 

Myrica  is  not  represented  in  the  living  Andean  flora ;  but  species 
occur  in  the  West  Indies  and  Mexico,  and  a  number,  with  leaves 
quite  similar  to  those  here  described,  in  South  Africa. 

SPECIMENS  OF  UNCERTAIN  AFFINITY. 

Phyllites  Franckei,  Engelhardt. 

Phyllites  Franckei,  Engelhardt,  loc.  cit,  39,  f. 

I  have  not  found  this  in  Dr.  Wendt's  collection.  I  have  repro- 
duced Eny-elhardt's  figure  in  Fiff.  61. 
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A  small  3-divided  leaf  with  lobed  leaflets  (Fig.  17). 

A  lanceolate  leaf,  4-5  em.  long,  with  distinct  midvein  and  lateral 

veins,  apparently  as  shown  in  Fig.  18. 

A  large  oblong  leaf  with  pinnate  veins.     (Fig.  62.) 

A  fragment  of  a  linear  leaf,  with  a  central  midvein.   (Fig.  64.) 

A  narrow,  spatulate  leaf,  about  2  cm.  long.     (Figs,  65,  G6.) 

A  linear  leaf  with  well-defined  venation,  which,  however,  I  have 

not  been  able  to  refer.     (Fig.  67.) 
The  calyx  of  a  flower?     (Fig.  76.) 
Two  fruits  or  seeds  of  different  species.     (Figs.  77,  78.) 

EXPLANATION  OF  THE  PLATES. 

Figs.  1,  2,  3,  4,  Myrica  Wendtii,  Britton.  « 

Figs.  5,  6,  7,  8,  3fyrica  banksioides,  Engelhardt, 

Figs.  9,  10,  Myrica  Potosina,  Britton. 

Fig.  11,  Amicia  antiqua,  Britton. 

Figs.  12,  13,  Passiflora  (?)  Canfieldi,  Britton. 

Figs.  14,  15,  JEscallonia  Wendtii,  Britton. 

Fig.  16,  Terminalia  antiqua,  Britton. 

Fig.  17.     Undetermined. 

Fig.  18.     Undetermined. 

Fig.  19,  Myrica  Engelhardtii,  Britton. 

Fig.  20,  Myrica  Wendtii,  Britton. 

Figs.  21,  22,  23,  24,  25,  26,  27,  Cassia  ligustrinoides,  Engelhardt. 

Fig.  28,  Terminalia  antiqua,  Britton, 

Figs.  29,  30,  31,  32,  33,  34,  35,  (  36,  37),  Cassia  chrysocarpoides,  Engelhardt. 

Figs.  38,  39,  Leaves  of  Terminalia  antiqua  f 

Figs.  40,  41,  42,  43,  44,  Cassia  cristoides,  Engelhardt. 

Fig.  45.     Uncertain.     Amicia  f 

Figs.  46,  47,  48,  Cassia  liyuslrinoides,  Engelhftrdt. 

Figs.  49,  50,  51,  Cuphea  antiqua,  Britton. 

Figs,  52,53,  54,  55,  56,  (57),  58,  Cassia  Wendtii,  Britton. 

Figs.  ?>9,  60,  Euphorbia  f 

Fig.  61,  Phyllites  Franckei,  Engelhardt. 

Fig.  62.     Undetermined. 

Fig.  63,  Cassia  ligustrinoides,  Engelhardt  ? 

Fig.  64.     Undetermined. 

Figs.  65,  66.     Undetermined. 

Fig.  67.     Undetermined. 

Figs.  68,  69,  70,  TeriniTudia  antiqua,  Britton. 

Figs.  71,  72,  73,  74,  75,  Porliera  tertiaria,  Britton, 

Fig.  76.     A  calyx  ? 

Figs.  77,  78,     Fruits  or  seeds. 

Fig.  79,  Swertia  tertiaria,  Engelhardt. 
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THE  MAGNETIC IBON-ORES  OF  ASHE  COUNTY,  N.  C. 

BY  H.  B.  C.  NITZE,  CHAPEL  HILL,  N.  C. 

(Baltimore  Meeting,  February,  1S92.) 

At  a  time  when  the  mineral  resources  of  the  Southern  States  are 
attracting  such  widespread  interest  and  attention,  I  have  thought  it 
appropriate  to  give  a  short  general  description  of  the  iron-ore  deposits 
of  a  territory  concerning  which  little  is  as  yet  known  and  nothing 
published,  so  far  as  I  am  aware. 

The  data  used  here  are  due  to  the  preliminary  examinations  of  the 
North  Carolina  Geological  Survey,  on  which  work  I  was  engaged 
during  the  past  summer,  and  my  acknowledgments  are  due  to  Prof 
J,  A.  Holmes,  State  Geologist,  and  Messrs.  Harris,  Ashe,  and 
Lewis,  of  the  survey,  for  their  co-operation  in  the  work  ;  also  to 
Messrs.  A.  S.  McCreath  and  C.  B.  White  for  analyses  which  they 
kindly  furnished.  Other  analyses  were  made  by  Mr.  Charles 
Baskerville,  assistant  chemist  to  the  survey,  and  this  may  be  under- 
stood where  the  name  of  the  chemist  is  not  mentioned. 

All  samples  for  analysis  were  dried  at  212°  F. 

The  accompanying  map  has  been  prepared  from  the  revised  sheets 
of  the  United  States  Geological  Survey  by  Mr,  H.  L.  Harris,  and 
will  be  referred  to  throughout  this  paper. 

Ashe  county  lies  in  the  extreme  northwestern  part  of  North  Caro- 
lina, bordering  on  Tennessee  and  Virginia;  it  is  drained  principally 
by  the  north  and  south  forks  of  New  river  and  their  tributaries,  and 
is  therefore  on  the  eastern  edge  of  the  great  Mississippi  drainage- 
basin.  The  country  is  exceedingly  rugged  and  mountainous,  having 
an  average  elevation  of  about  2900  feet  above  sea- level. 

Jefferson,  the  county  seat,  near  the  center  of  the  county,  is  45 
miles  nearly  due  south  from  the  Norfolk  and  Western  R.R.  at 
Marion,  Va.,  and  30  miles  northwest  from  the  Richmond!  and  Dan- 
ville E.R.  at  Wilkesboro,  N.  C. 

Geologically  the  ore-deposits  described  in  this  paper  are  situated 
in  the  area  of  the  crystalline  rocks,  consisting  chiefly  of  gneiss,  horn- 
blende-schist, and  micaceous  schists. 
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These  iron-ore  deposits,  owing  to  their  present  inaccessibility,  are 
practically  entirely  undeveloped.  During  the  summer  of  1890  con- 
siderable private  prospecting  was  carried  on  throughout  the  county, 
and  much  of  our  knowledge  concerning  the  ore-beds  is  due  to  this. 
Many  of  the  openings,  however,  have  caved  in  to  such  an  extent 
that  but  little  can  be  seen  at  present.  More  than  fifty  years  ago 
there  were  a  number  of  Catalan  forges  throughout  the  county,  which 


f  ownnTs  or  occupants  in  italics , 
Ore-outcrops,  B  Prospectinir  pik  cU. 


smelted  these  ores  into  a  very  superior  tough  iron.  One  of  these 
now  known  as  Pasley's  forge,  at  the  mouth  of  Helton  creek,  is  still 
in  operation,  and  made  in  1890  from  20  to  30  tons  of  bar-iron,  used 
locally  for  wagon-tires,  horseshoes,  etc.  At  present  there  are  no 
mining  operations  whatever  going  on,  excepting  in  a  very  small 
superficial  way  to  suj)ply  the  Helton  forge. 

The  territory  to  be  described  in  this  paper,  as  including  the  prin- 
cipal ore-deposits  of  Ashe  county,  embraces  about  150  square  miles. 
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The  ores  are  principally  magnetites,  chemically  suitable  for  the  manu- 
facture of  Bessemer  pig-iron.  Some  brown  hematites  and  red 
specular  ores  are  also  found ;  but,  although  of  excellent  quality,  their 
quantity  will  hardly  place  them  in  the  category  of  economic  raw 
materials. 

The  structure  of  the  magnetic  beds  is  decidedly  lenticular,  and  as 
such  they  are  distributed  over  a  rather  undefinable  area,  though 
there  is  some  regularity  in  the  direction  of  their  outcrops,  which 
have  a  general  trend  northeast  and  southwest. 

In  the  following  I  shall  divide  them  into  three  main  belts,  called 
according  to  the  local  nomenclature:  The  Ballou  or  River  belt,  the 
Red  Hill  or  Poison  Branch  belt,  and  the  Titaniferous  belt. 

Starting  along  the  northeastern  extremities  of  these  belts  I  shall 
describe  the  openings  along  the  outcrops  in  regular  order  towards 
the  southwest.  By  reference  to  the  accompanying  map,  their  loca- 
tions and  relation  to  each  other  can  be  more  easily  comprehended 
than  from  mere  description. 

I.   The  Ballou  or  River  Belt. 

This,  the  most  easterly  of  the  three  ore-belts,  crops  out  along  the 
north  fork  of  New  river,  and  has  been  opened  at  several  points  on 
the  farm  of  William  H.  Brown. 

Opening  No.  1  on  the  west  bank  of  the  river  at  the  falls,  about 
one  mile  north  of  Grumpier  P.  O.,  is  a  large  cut,  exposing  probably 
30  feet  of  ore-material,  composed  of  hornblende,  gneiss,  and  epidote, 
which  is  split  up  at  three  points  by  lenticular  masses  of  magnetite. 
From  the  condition  of  the  exposure  it  was  not  possible  to  determine 
the  true  thickness  of  the  ore. 

An  analysis  of  an  average  sample  from  here  shows  : 

Per  cent. 

Silica, 27.59 

Metallic  iron, 53.99 

Sulphur, 0.055 

Phosphorus, 0.063 

The  ore  crosses  the  river  northeasterly  from  here  to  the  property 
of  John  C.  Plumcaer,  but  no  openings  have  been  made. 

Opening  No.  2  is  located  about  half  a  mile  west  of  the  river,  near 
Mr.  Brown's  house. 

This  cut  was  also  partially  caved  in  and  filled  with  water,  so  that 
a  clear  inspection  was  not  practicable.    The  exposed  material  shows  : 

1.  About  4  feet  of  soft  decomposed  schistose  gangue,  carrying 
finely  disseminated  grains  of  magnetite  ;  above  this, 
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2.  About  5  feet  of  decomposed  mica- schist  and  quartz;  and  above 
these,  towards  the  face  of  the  cut, 

3.  About  12  feet  of  mixed  material  containing  strips  of  harder, 
richer  ore,  2  feet  and  more  in  thickness. 

Of  the  soft  ore  it   has  been  found    by  washing  that  fully  50  per 

cent,  is   magnetite,  an  analysis  of  which   by  Mr.   A.  S.  McCreath 

shows  : 

Per  cent. 

Silica, 2.40 

Metallic  iron, •       .    67.35 

Phosphorus, 0.028 

The  unwashed  material  shows  43.50  per  cent,  of  metallic  iron. 
An  analysis  by  Mr.  Baskerville  of  an  average  sample  across  the 
entire  bed  show^s : 

Per  cent. 

Silica, 5.73 

Metallic  iron, 60.48 

Sulphur,     .  . 0.003 

Phosphorus, •        .    trace. 

Southwesterly  the  ore  crosses  the  river  about  one  mile  from  here, 
and  makes  its  appearance  in  a  very  prominent  outcrop  over  the  prop- 
erty of  N.  B.  Ballou,  known  as  the  "  Home  Place,"  on  the  east  side 
of  the  river,  between  the  mouths  of  Helton  and  Old  Field  creeks. 
It  recrosses  the  river,  which  makes  a  large  bend  at  this  point,  about 
half  a  mile  from  here,  near  Uriah  Ballou's  house,  and  near  this 
second  point  of  crossing  some  work  was  done  a  number  of  years  ago 
for  one  of  the  old  forges,  showing  the  approximate  thickness  of  the 
bed  to  be  12  feet.  The  dip  is  about  37°  S.  E.,  and  the  strike  N. 
45°  E. 

The  ore  is  a  hard,  compact,  fine-grained  magnetite  disseminated  in 
a  gangue  of  hornblende,  epidote,  and  quartz.  Higher  up  on  the  hill 
some  small,  superficial  openings  expose  several  smaller  ledges  of 
richer  ore,  com[)aratively  free  from  gangue.  But  it  is  believed  that, 
the  following  analyses  will  represent  the  quality  of  the  ore  as  it  must, 
be  mined : 

I.                                    II.  HI. 

Silica,     ....     20.79  17.88 

Metallic  iron,          .         .     4o.50  49.06  50.68 

Sulphur,          .         .         .       0.002  trace. 

Phosphorus,    .        .        .       0.021  0.018  trace. 

Analysis      I.  is  by  McCreath. 

II.  is  from  U.  S.  10th  Census  Report. 
III.  is  by  Baskerville. 
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Towards  the  southwest  the  ore  crosses  and  recrosses  the  oorth  fork, 
and  becomes  thinner-bedded.  It  crops  out  about  one  mile  from 
Ballou's  on  the  farm  of  Dr.  Gentry  in  a  high  bluff  along  the  east 
bank  of  the  river,  showing  a  maximum  thickness  of  2  feet,  and  appa- 
rently pinching  out  to  considerably  less  than  that.     An  analysis  of 

an  average  sample  taken  here,  shows : 

Per  cent. 

Silica, 16.68 

Metallic  iron, 47.22 

Sulphur, 0.063 

Phosphorus, trace. 

There  is  a  second  line  of  outcrop,  about  half  a  mile  southeast  of 
the  above  main  outcrop,  which  has  been  traced  from  Brown's  on  the 
north  fork,  about  half  a  mile  above  the  river  opening  at  the  falls,  in 
a  southwesterly  direction,  crossing  the  river  at  Shubal  Lunceford's, 
almost  one  mile  due  north  from  Grumpier  P.  O.,  and  continuing 
through  Ballou's  and  Gentry's  lands.  This  has  been  opened  on 
Lunceford's  place,  about  a  quarter  of  a  mile  north  of  the  river,  ex- 
posing a  bed  of  soft,  granular  ore  disseminated  in  mica-schist,  which 
measures  13  feet  in  thickness,  and  dips  52°  S.  E.     An  analysis  of  a 

sample  taken  across  the  bed  shows : 

Per  cent. 

Silica, 38.75 

Metallic  iron, 41.36 

II.  The  Red  Hill  or  Poisox  Branch  Belt. 

This  belt  extends  from  the  northeastern  corner  of  the  county  in  a 
general  southwesterly  direction,  its  several  lines  of  outcrop  crossing 
over  Grassy  creek,  Helton  knob,  Red  Hill,  Helton  creek,  McClure's 
knob.  Old  Field,  Silas,  Piney,  and  Horse  creeks,  a  distance  of  some 
ten  miles,  as  far  as  traced.  It  lies  from  two  to  three  miles  north- 
west of  the  river  belt,  and  approximately  parallel  to  it. 

It  has  been  opened  at  numerous  points  along  its  outcrop,  begin- 
ning at  its  northeastern  end  on  the  land  of  Lee  Pugh  on  Ben's 
Branch,  about  ^  mile  north  of  IsTew  river,  where  a  bed,  at  least 
several  feet  in  width,  is  exposed,  but  is  not  fully  uncovered.  The 
ore  is  a  friable  magnetite  of  schistose  structure.  The  dip  is  from 
35°  to  40°  S.  E. 

An  analysis  of  an  average  sample  shows  : 

Per  cent. 

Silica, 22.74 

Metallic  iron, 45.44 

Sulphur, 0  049 

Phosphorus, 0.022 
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About  400  yards  S.  40°  W.  from  here  the  bed  has  been  exposed 
on  the  land  of  John  L.  Pugh,  on  the  summit  of  a  high  ridge,  by  a 
cut  105  feet  long,  the  southeastern  end  of  which  traverses  a  bed  of 
soft  njixed  ore  and  gangue,  reported  to  be  40  feet  thick,  while  the 
northwestern  end  cuts  through  about  30  feet  of  similar  material, 
though  harder.  Between  the  two  is  a  decomposed  feldspathic  mass, 
probably  a  local  horse. 

The  cut  was  partially  caved  in,  so  that  exact  measurements  could 
not  be  made.  The  ore  is  a  coarse-granular,  friable,  manganiferous 
magnetite,  and  the  gangue  is  hornblende,  epidote,  quartz,  and  feld- 
spar.    Several  analyses  show  the  ore  to  contain : 

I.  II. 

Per  ceut.  Per  cent. 

Silica 21.11  

Metallic  iron,     .        ■ 43.17  44.13 

Metallic  manganese, 4.62  1.42 

Sulphur, 0.048  0.126 

Phosphorus,       .        .        .       ' 0.006  0.008 

I.  by  Baskerville. 
II.  by  C.  B.  White. 

The  bed  is  again  opened  on  the  properties  of  W.  \V.  Smith  and 
Noah  Dancy,  lying  successively  to  the  southwest  of  Pugh's,  but  the 
exposures  are  incomplete  and  offer  no  definite  data.  Several  analy- 
ses by  Mr.  C.  B.  White  show  the  quality  of  these  ores  to  be  : 

Iron.  Phosphorus. 

Per  cent.  Per  cent. 

"  Smith  "  ore 55.76  0.040 

"  Dancy "  ore  (surface  sample),      .        .        .        .63  49  0.176 

The  next  notable  exposure  occurs  on  the  Black  property,  on  the 
northeastern  slope  of  Helton  knob,  on  the  waters  of  Grassy  creek, 
where  several  old  "  forge  "-banks  are  located,  whence  the  Pasley 
forge  still  draws  its  limited  supply.  The  old  openings  are  now  com- 
pletely fallen  in,  and  nothing  can  be  seen  excepting  the  fact  that 
there  seem  to  be  two  beds  about  30  feet  apart,  the  upper  one  of 
which  is  reported  to  be  2  feet  thick.  The  ore  is  soft  and  decom- 
po.sed,  in  a  friable,  schistose  gangue;  and  it  is  on  account  of  this 
softness  that  it  was  particularly  prized  by  the  forges. 

Higher  up  on  the  same  hill,  similar  float-ore  is  repeatedly  met 
with,  scattered  over  the  surface,  and  it  seems  to  cover  a  large  area. 

About  ^  mile  slightly  south  of  west  from  these  old  "  forged-open- 
ings is  a  very  prominent  outcrop  of  hornblendic  gneiss,  at  least  40 
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feet  high,  containing  lenticular  masses  of  hard,  compact  magnetite, 
showing  a  thickness  of  3  feet  at  one  point;  and  about  200  yards  S. 
60°  W.  from  here,  on  another  ridge,  some  heavy  and  exceptionally 
pure  masses  of  float-ore  were  observed,  indicating  the  existence  of 
another  parallel  series  of  ore-beds.  Unfortunately  none  of  the  anal- 
yses of  these  ores  were  completed  in  time  for  this  paper. 

The  "soft"  ore,  as  used  in  the  Pasley  forge,  is  first  washed  in  an 
inclined  wooden  trough  by  a  gently-flowing  stream  of  water ;  and  an 
analysis  by  myself  of  this  washed  product  shows  : 

Per  cent. 

Silica, 11.075 

Metallic  iron, 58.930 

Sulphur, 0.068 

Phosphorus, 0.033 

In  explanation  of  the  formation  of  these  deposits  of  "  soft ''  ore, 
such  as  occur  on  the  Black,  Red  Hill,  and  other  properties  to  be  de- 
scribed hereafter,  it  may  be  said  here  that  all  indications  go  to  show 
that  they  are  undoubtedly  due  to  the  breaking  down  of  the  original 
outcrops  of  magnetite  and  magnetic  rocks,  subsequent  to  the  eresion 
of  the  more  readily  decomposable  surrounding  strata,  and  their  con- 
sequent spreading  over  large  superficial  areas  of  comparatively 
limited  depths.  At  the  same  time  their  replacement  may  have  been 
so  regulated  by  nature  that  they  still  exist  in  workable  deposits, 
and  the  original  beds  might  be  expected  either  directly  beneath  or 
in  close  proximity  to  them  ;  but  this  can  only  be  definitely  settled 
by  further  exploitation. 

As  shown  in  several  places  much  of  this  "soft"  ore  can  be  con- 
centrated to  a  comparatively  high-grade  material  by  simple  washing 
alone,  and  there  is  no  reason  why,  by  means  of  magnetic  concentra- 
tion, a  highly  desirable  product  should  not  be  obtained.  Even  the 
hard  ores,  high  in  silica,  are  susceptible  of  concentration,  after  pre- 
vious crushing,  by  this  process;  and  at  the  well  known  Cranberry 
mines  in  Mitchell  county,  experiments  are  being  very  successfully 
carried  on  in  this  direction. 

•By  means  of  the  dipping-needle,  the  ore  was  traced  across  the 
summit  of  Helton  knob,  which  rises  to  an  altitude  of  3410  feet 
above  sea-level.  On  the  southwestern  slope  of  Helton  knob  several 
small  openings  on  the  property  of  Joseph  Jones  expose  the  ore-bed, 
but  not  sufficiently  to  furnish  much  definite  information.  On  the 
western  foot-hills  of  Helton  knob,  on  Roberts  branch,  a  tributary  of 
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Helton  creek,  an  Cpeniug  on  David  Blevins'  land  exposes  an  ore- 
befl,  showing  three  streaks  of  ore,  respectively  7|,  4|,  and  2  feet  in 
thickness,  separated  by  a  gneissoid  material,  probably  a  local  horse. 
The  dip  is  40°  S.  E.  The  ore  is  a  compact  magnetite  in  a  gangue 
of  hornblende  and  epidote. 

An  analysis  of  an  average  sample  shows  : 

Per  cent. 

Silica, 29.901 

Metallic  iron,  ..........     36.350 

Sulphur, 0.038 

Pliosphoriis, 0.022 

Between  here  and  Helton  creek,  a  distance  o.''  about  one-quarter 
of  a  mile  across,  is  the  Red  Hill  property,  over  which  a  number  of 
openings  have  uncovered  a  rather  intricate  and  distributed  ore- 
formation. 

The  main  opening,  No.  1,  is  a  trench  through  the  comb  of  the  hill, 
over  200  feet  in  length,  through  a  decomposed  schistose  and  argilla- 
ceous material,  carrying  almost  throughout  its  entire  extent  mixed 
masses  of  soft  ore,  hard  ore,  and  crystalline  sandy  ore,  distributed 
irregularly  through  the  gangue;  it  is  evidently  one  of  the  broken 
down  re-deposits,  before  alluded  to. 

At  the  eastern  end  of  the  cut,  some  pyrites  was  mixed  with  the 
material..     An  analysis  of  an  average  sample  shows: 

Per  cent. 

Silica, 19.83 

Metallic  iron, 51.56      * 

Siilphnr, 0.137 

Phosphorus, 0.042 

Opening  No.  2,  about  30  yards  W.  S.  W.  from  the  above,  exposes 
a  solid  bed  of  magnetite  in  epidote  and  quartz,  over  5  feet  thick, 
dipping  southeast.  No  pyrites  was  observed  here.  An  analysis 
shows : 

Per  cent. 

Silica, 31.26 

Metallic  iron, 36.21 

Sulphur, 0.07 

Phosphorus,      ..........    trace. 

Opening  No.  3,  on  the  northwest  side  of  the  hill,  shows  a  broken 
bed  af  ore  in  a  gangue  of  hornblende  and  epidote,  with  concentra- 
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tions  of  pyrites  at  several  points.     The  entire  Sickness  of  the  bed 
must  be  over  10  feet.     An  analysis  shows  : 

Per  cent. 

Silica, 32.59 

Metallic  iron, 36.41 

Sulphur,    . 0.20 

Phosphorus,       ..........     trace. 

On  the  immediate  northern  bank  of  Helton  creek,  a  small  opening 
exposes  a  broken  bed  of  compact  magnetite,  irregularly  distributed 
through  a  gangue  of  hornblende  and  gneiss,  split  by  a  lens  of  pyri- 
tiferous  ore  about  5  feet  thick.  An  analysis  of  a  sample  taken  across 
the  bed  shows : 

Per  cent. 

Silica, 41.13 

Metallic  iron, 23.39 

Sulphur, I.fi7 

Phosphorus, 0.109 

The  conclusion  is  that  there  are  streaks  of  pyritiferous  ore  through- 
out this  part  of  the  bed,  which  increase  in  sulphur  with  depth. 

On  the  south  side  of  Helton  creek  the  ore  crosses  over  McClure's 
knob,  where  a  number  of  openings  expose  a  series  of  three  parallel 
beds,  none  of  which  show  over  3  feet  in  thickness  so  far  as  developed. 
A  number  of  analyses  of  samples  taken  from  some  of  these  openings 
show : 


I. 

II. 

III. 

IV. 

Silica, 

.     23.23 

22.78 

28.78 

16.50 

Metallic  iron, . 

.     44.87 

43.03 

42.39 

45.87 

Sulphur,. 

.       0.036 

0.02 

0.03 

0.025 

Phosphorns,     . 

.       0.053 

0.14 

0.03 

0.904 

To  the  southwest,  the  ore  crosses  Old  Field  creek,  and  has  been 
opened  again  at  the  Poison  Branch  bank,  on  the  divide  between  the 
waters  of  Old  Field  and  Silas  creeks,  where  considerable  work  was 
at  one  time  done  for  the  old  forges. 

The  main  opening  exposes  a  bed  of  magnetite  consisting  of  two 
parts,  the  upper  one  being  visible  only  in  the  u|)per  end  of  the  cut 
just  below  the  surface-soil,  where  it  measures  about  4|  inches  in 
thickness  of  friable  crystalline  magnetite,  comparatively  clean,  below 
which  is  a  bed  of  argillaceous  schist  and  clay,  of  a  deep  vermilion 
color,  containing   fine  shot-ore  disseminated    through   it,   probably 
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forming  a  more  decomposable  part  of  the  same  bed.  Unfortunately, 
the  cut  had  not  been  extended  far  enough  in  this  direction  to  deter- 
mine its  true  thickness.  The  lower  bed  is  seen  some  30  feet  below 
here,  at  the  bottom  of  the  cut,  near  its  mouth.  It  is  partially  filled 
in  here,  but  I  have  from  good  authority  that  its  thickness  is  6  feet, 
about  3  feet  of  which  was  visible  at  the  time  of  my  visit.  It  is  a 
hard  ore,  and  the  gangue  is  entirely  hornblendic,  while  in  the  upper 
bed  it  is  micaceous.  The  dip  is  about  50°  S.  E.,  and  the  strike  N. 
40°  E.     Several  analyses  of  the  lower  bed  show : 


I. 

II. 

III. 

Silica, 

12.31 

Metallic  iron, 

56.05 

56.00 

50.77 

Sulphur, 

0.05 

0.076 

Phosphorus, 

0.071 

0.013 

0.016 

Titanic  acid, 

trace. 

I.  By  McCreath. 

II.  By  C.  B.  White. 

III.  From  U.  S.  10th  Census  Report. 

Not  over  100  feet  southwest  from  here,  another  old  opening  ex- 
poses the  same  bed,  25  feet  lower. 

In  a  southwesterly  direction  the  ore  has  been  traced  to  Silas  creek, 
but  no  openings  of  importance  have  been  made. 

Some  2  miles  S.  W.  from  the  Poison  Branch  bank,  a  bed  of  soft 
schistose  ore  has  been  opened  on  the  land  of  John  Parsons,  on  Little 
Grapevine  creek.  The  opening  is  a  very  narrow  and  shallow  one. 
It  shows  not  less  than  3  feet  of  ore,  but  the  bed  is  not  fully  ex- 
posed. 

Less  than  half  a  mile  northwest  from  here,  on  Douglas  Blevins' 
land,  an  opening  on  the  top  of  a  high  ridge  exposes  another  ore-bed 
at  least  8  feet  thick.  The  ore  is  extremely  hard,  in  a  gangue  of  horn- 
blende gneiss.     The  dip  is  45°  S.  E. 

About  half  a  mile  southwest  from  here,  on  Piney  creek,  1|  miles 
above  its  mouth,  at  Ballou's  mill,  a  large  bed  of  manganiferous  mag- 
netite has  been  uncovered.  The  ore  is  very  coarse-granular  in  a 
matrix  of  brownish-black  manganese  oxide.  It  is  exceptionally  pure 
and  practically  free  from  gangue  throughout  its  entire  extent.  The 
upper  part  of  the  bed  shows  6  J  feet  of  solid  hard  ore,  beneath  which 
is  about  1  foot  of  soft  manganiferous  ore.  The  bed  is  probably  even 
thicker  than  this,  as  its  full  extent  has  not  been  uncovered.  Several 
analyses  show  it  to  contain  : 
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I. 

II. 

III. 

IV. 

Silica,     .... 

3.20 

0.800 

10.64 

0.614 

Metallic  iron, 

6-5.40 

6.5.(10 

39.35 

65.090 

Metallic  manganese, 

2.58 

3.83 

9.63 

3.98 

Sulphur, 

0.0069 

Phosphorus,  . 

0.011 

0.004 

0.022 

0.019 

I.  Bv  C.  B.  White. 

II.  "Hard"  ore,  by  McCreath. 

Til.  "Soft"  ore,  by  McC 

reath. 

IV.  "  Hard  "  ore,  by  C 

Baskerv 

ille 

^ 

Crossing  Piney  creek,  the  same  bed  has  been  uncovered,  about  half 
a  mile  S.  W.  from  here,  on  the  land  of  Robert  Francis,  where  a 
slope,  20  feet  deep,  exposes  10  feet  of  soft  manganiferous  ore  on  the 
outcrop,  pinching  out  to  considerably  less  than  this  at  the  face  of  the 
slope.  Throughout  this  soft  material  are  scattered  grains  of  hard 
magnetite.  There  is  evidently  a  roll  or  fold  in  the  bed  at  this  point, 
the  dip  being  abnormally  20°  North  of  East,  and  the  strike  N.  34^ 
W.  The  footwall  is  a  decomposed  feldspathic  material.  The  ore 
carries  an  excessive  amount  of  hygroscopic  moisture.  Analyses  of 
the  natural  and  dried  ore,  by  Mr.  A.  S.  McCreath,  show : 


Natural  ore. 

Dried  at  212°  F 

Silica, 

.       3.496 

'6.090 

Metallic  iron, 

.     27.236 

47.4.50 

Metallic  manganese,     . 

.      5.224 

9.102 

Phosphorus, 

.       0.058 

0.102 

Moisture  at  212°  F.,     . 

.    42.600 

About  half  a  mile  due  west  from  here,  a  bed  of  very  hard,  com- 
pact, crystalline  magnetite  has  been  opened  at  two  points,  differing 
100  feet  in  elevation,  on  Jacob  Stewart's  land,  near  the  summit  of 
Turkey  knob.  The  gangue  is  hornblende  and  quartz.  The  open- 
ings were  filled  in,  but  the  ore  was  reported  to  be  5  feet  thick. 

An  analysis  by  Mr.  White  shows  : 

Per  cent. 

Metallic  iron, 63.501 

Phosphorus 0.006 

Titanic  acid, trace. 

The  ore  has  been  traced  half  a  mile  northeast  from  here  to  the 
William  Hamm  place. 

About  three-quarters  of  a  mile  southwest  from  the  Francis  open- 
ing, on  the  waters  of  Old  Field  creek,  a  tributary  of  Horse  creek, 
a  number  of  openings  on  the  southwestern  spur  of  Turkey  knob,  on 
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the  land  of  Joseph  Graybeal,  have  exposed  a  bed  of  magnetic  ore 
which  was  worked  a  number  of  years  ago  for  some  of  the  old  forges. 
One  of  these  old  openings  shows  a  great  deal  of  soft,  mixed  shot-ore 
disseminated  in  decomposed  schist,  with  a  streak  of  manganiferous 
earth  in  the  front  part  of  the  opening.  The  main  opening  is  a  cut 
about  50  feet  long,  exposing  two.  beds  of  ore,  respectively  4  and  18 
feet  thick,  separated  by  a  horse  of  clay.  The  4  feet  of  ore  in  the 
front  part  of  the  cut  showed  some  very  compact,  solid  magnetite. 
The  ore  in  the  upper  part  of  the  cut  was  mixed  with  hornblende 
gangue.  Between  these  two  openings  some  manganiferous  float-ore 
was  observed,  resembling  very  much  that  at  the  Piney  creek  and 
Francis  openings. 

Several  analyses  of  the  Graybeal  ore  show : 

I.  II.  III. 

Silica, 6.85  

Metallic  iron, 63.55  67.18  64.04 

Sulphur,      ......     trace.  

Phosphorus, trace.  0.010  0.009 

I.  By  Baskerville. 
II.  By  White. 
III.  From  U.  S.  10th  Census  Report. 

On  Horse  creek,  about  one  mile  above  its  mouth,  a  bed  of  magne- 
tite, precisely  similar  to  that  at  Piney  creek,  has  been  opened.  It  is 
a  coarse  granular  magnetite  disseminated  in  a  manganiferous  matrix, 
which  decomposes  on  long  exposure  into  a  soft,  rich  shot-ore.  The 
opening  is  in  the  shape  of  an  under-cut  in  the  side  of  a  hill,  into 
which  it  extends  perhaps  20  feet  as  a  slope,  the  lower  part  of  which 
was  filled  with  water,  preventing  a  close  examination.  As  far  as 
exposed,  the  thickness  of  the  ore  is  at  least  6  feet,  the  lower  2  feet 
being  the  harder.     Analyses  show : 

I.  II. 

Silica, 4.12  1-96 

Metallic  iron, 64.58  62.48 

Metallic  manganese, 2.21  3.66 

Phosphorus, 0.011  0.019 

I.  By  White. 
II.  By  Baskerville. 

Over  one  mile  southwest  from  here  the  ore-body  rises  over  500 
feet  above  the  level  of  Horse  creek,  on  Hampton  knob,  over  which 
it  has  been  traced  for  con.siderable  distance  by  the  dipping-needle. 
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But  none  of  the  openings  give  any  idea  of  the  size  of  the  bed.    Sev- 
eral analyses  from  the  locality  show  : 

I.  II. 

Silica, 9.66  

Metallic  iron, 61.58  65.63 

Sulphur, 0.06  

Phosphorus, .         .     trace.  0.029 

I.  By  Baskerville. 
II.  By  White. 

III. — The  Titaniferous  Belt. 

Starting  at  the  northern  edge  of  the  county,  on  the  Virginia  line, 
on  the  waters  of  Little  Helton  creek,  this,  the  most  northwesterly 
ore  belt  of  importance  in  Ashe  county,  has  been  traced  in  a  south- 
westerly direction,  crossing  Helton  creek  near  Sturgill  P.  0.,  a  dis- 
tance of  some  2 J  miles.  It  lies,  approximately,  3  miles  northwest 
of  the  Red  Hill  belt,  and  parallel  to  it. 

On  the  property  of  William  Young,  150  yards  west  of  the  Jeffer- 
son-Marion road,  and  about  ^  mile  south  of  Virginia  State-line, 
a  very  heavy  outcrop  of  magnetite  extends  east  and  west  along  the 
crest  of  a  ridge,  with  a  width  of  at  least  25  feet.  There  are  no 
openings  he»*e,  but  all  indications  point  to  the  existence  of  a  large 
deposit.  The  ore  is  a  coar.se  granular,  compact,  magnetite,  practically 
free  from  gaugue.  It  is  titaniferous,  and  has  a  bright  silvery  luster. 
An  analysis  by  McCreath  shows  it  to  contaiij : 

Per  cent. 

Silica, 4.35 

Metallic  iron, 52.85 

Phosphorus, 0.013 

Titanic  aciJ, 8.800 

Tin's  outcrop  is  traced  for  over  150  yards  in  a  westerly  direction 
across  Shippy  branch,  where  it  is  opened  on  the  ]McCarter  place, 
showing  a  bed  from  9  to  12  feet  thick,  dipping  almost  vertically. 
The  local  magnetic  variation  was  11°  W. 

An  analysis  by  McCreath  shows  : 

Per  cent. 

Silica, 5.37 

Metallic  iron, 51.75 

Phosphorus, 0.018 

Titanic  acid, 9.17 

The  bed  is  again   uncovered,  about  350  yards  west  from  here,  in 
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front  of  Mr.  McCarter's  lionse,  by  a  shallow  cut  showing  about  3  feet 
of  ore;  but  the  bed  is  not  fully  exposed. 

About  half  a  mile  farther  southwest,  an  opening  on  the  Bauguess 
place  shows  5  feet  of  ore,  having  a  reddish  streak,  an  analysis  of 
which  by  myself  shows  4.80  per  cent,  of  titanic  acid. 

The  next  notable  opening,  about  one  mile  southwest  from  here,  on 
Wallen's  creek,  a  tributary  of  Helton  creek,  on  the  Pennington  place, 
exposes  a  bed  8  feet  thick,  an  analysis  of  which  by  McCreath  shows: 

Per  cent. 

^'>ica,_    _ 5  07 

Metallic  iron,  .        .        .         .         .        .         _         _        ^        .52  45 

Phosphorus, 0  022 

Titanic  acid, gn 

About  half  a  mile  north  of  Sturgill  P.  O.,  on  the  waters  of  Helton 
creek,  on  the  Kirby  place,  a  broken  bed  of  hard,  fine-grained  mag- 
netite, of  steel-gray  color,  has  been  uncovered.  Its  extent  could  not 
be  determined  from  the  condition  of  the  opening,  but  its  thickness 
appears  to  be  not  less  than  15  feet. 

I  am  indebted  to  Mr.  A.  S.  McCreath  for  the  information  that 
these  titaniferous  ores  carry  a  small  amount  of  chromium,  and  an 
average  analysis  of  a  number  of  samples  shows  0.480  per  cent,  of 
chromium. 

This  concludes  a  description  of  the  location  and  some  of  the  eeo~ 
noraic  features  of  the  principal  ore-deposits  of  Ashe  county;  and  it 
is  hoped  that  this  region  may  become  an  important  source  of  ore- 
supply  in  the  near  future. 

In  general,  the  quality  of  these  ores  is  good  ;  low  in  sulphur,  and 
below  the  Bessemer  limit  in  phosphorus. 

The  mined  material  will,  in  many  cases,  be  high  in  silica,  but 
there  is  no  reason  why,  by  means  of  magnetic  concentration,  a  high 
grade  product  should  yot  be  obtained. 

The  titaniferous  belt  is  by  far  the  most  persistent,  and  shows  a 
large  quantity  of  ore,  but  the  percentage  of  titanic  acid  condemns 
this  material  for  blast-furnace  use,  at  least  in  competition  with  iron- 
ores  less  difficult  to  smelt  to  pig-iron. 

J'here  is  little  doubt  that  there  are  valuable,  workable  beds  of  ore 
throughout  the  other  two  belts,  such  as  at  Ballou's,  Piney  creek, 
Graybeal's,  Horse  creek,  etc.,  but  it  will  require  much  more  extensive 
exploitation  to  define  their  true  extent. 

VOL.  XXI.— 18 
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Other  beds  of  ore  have  been  uncovered  throughout  the  county, 
but  they  are  rather  out  of  the  range  of  what  is  considered  to  be  the 
principal  ore-region. 

Such  are,  for  instance,  a  bed  of  magnetite,  9  feet  thick,  on  the  Ben 
Greer  place,  on  the  waters  of  Little  Horse  creek  ;  and  a  belt  of  brown 
hematite  along  the  northwestern  slopes  of  Phoenix  and  Three  Top 
mountains,  which  is  supposed  to  bo  a  secondary  formation,  and  of 
little  importance  as  compared  with  the  magnetic  ores. 

Nearly  all  of  these  ore-deposits,  being  situated  on  tributaries  of 
the  North  fork  of  New  river,  would  be  accessible  to  a  railroad  built 
up  that  stream,  which  is  a  very  feasible  project. 

Discussion. 

R.  W.  Raymond,  New  York  City:  \yith  regard  to  range  of 
titaniferous  ore,  mentioned  by  Mr.  Nitze,  I  have  had  for  many  years 
the  notion  that  tiiis  belt,  which  is  of  great  length,  is  a  pretty  defi- 
nite geological  horizon,  and  may  be,  as  such,  very  useful  in  deter- 
mining the  relative  age  of  the  different  ore-bearing  belts  that  are  to 
be  found  on  the  one  or  the  other  side  of  it,  a  matter  not  easily 
to  be  determined  in  the  crystalline  schists.  No  doubt  the  compli- 
cated fault-conditions  of  the  whole  Appalachian  region  forbid  us  to 
expect  that  any  horizon  could  be  continuously  traced  through  its 
total  length,  but  we  might  find  it,  on  any  given  cross-section,  in  its 
place  in  the  series.  Many  of  us  are  aware  that  that  belt  runs  down 
into  North  Carolina,  parallel  with  the  Cranberry  deposit,  but  per- 
haps many  do  not  know  that  a  titaniferous  horizon  is  also  found 
among  the  crystalline  rocks  of  New  Jersey.  The  Durham  Iron 
Works  of  Cooper  &  Hewitt  held  for  many  years  a  lease  upon  a 
mine  near  Bethlehem,  N.  J.  (sometimes  called  the  Church  mine), 
which  carried  from  10  to  15  per  cent,  of  titanic  acid.  It  was  low 
in  phosphorus,  and  it  was  a  beautiful  compact  ore,  of  rich  appear- 
ance. We  mined  some  thousands  of  tons  of  it,  and  it  proved  use- 
less under  the  circumstances  for  our  blast-furnace  operations.  I 
know  it  is  possible  to  treat  a  certain  proportion  of  titaniferous  ore 
in  a  blast-furnace  by  carrying  large  quantities  of  alumina  in  the 
slag,  but  at  Durham,  where  neither  ores  nor  fluxes  are  highly 
aluminous,  this  was  not  practicable.  Many  of  the  managers  of  ^le 
Lehigh  valley  have  found  accretions  of  nitro-cyanide  of  titanium 
in  their  furnace-hearths,  showing  that  where  titanic  acid  occurs  in 
the  ores,  even  in  small  quantities,  its  effect  is  cumulative.    No  mat- 
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ter  what  can  be  done  at  a  pinch,  we  all  wish  to  keep  clear  of  titanic 
acid  in  blast-furnace  operations. 

This  persistent  appearance  of  a  belt  of  highly  titaniferous  ores 
seems  to  me,  as  I  have  said,  likely  to  furnish  a  convenient  guide  in 
the  working  out  and  correlating  of  the  diflPerent  iron-ore  belts  of  the 
Appalachians.,  Our  late  fellow-member.  Dr.  Sterry  Hunt,  in  his 
brilliant  attempts  to  classify  and  sub-divide  the  crystalline  rocks 
makes  the  occurrence  of  the  titaniferous  ores  characteristic  of  a  cer- 
tain particular  period  (the  Norian,  between  the  Laurentian  proper 
and  the  Huronian),  and  the  general  circumstantial  evidence,  while 
It  cannot  be  said,  perhaps,  to  have  proved  that  view  applicable  to 
the  whole  Appalachian  region,  is  largely  in  favor  of  it. 

E.  C.  Pechin,  Roanoke,  Va. :  What  percentage  of  base— alumina 
lime  and  magnesia— does  that  New  Jersey  titaniferous  ore  carry? 
I  ask,  because  in  a  recent  visit  to  certain  mines  on  the  Virginia 
Midland  road,  I  saw  an  ore  of  what  seemed  to  me  an  unprecedented 
composition.  It  only  carries  about  40  to  43  per  cent,  of  iron,  with 
from  10  to  14  per  cent,  of  titanic  acid,  but  it  has  from  12  to  15  per 
cent,  of  lime  and  magnesia.  I  should  be  glad  to  hear  of  any  other 
titaniferous  ore  that  resembles  it. 

Mr.  Raymond:  We  have  two  pretty  complete  analyses  of  the 
Church  ore  of  New  Jersey,  the  first  made  bv  Mr.  Britton  in  1871 
and  the    second  published  in   the  New  Jer'sey    Geological   Survey 
Report  of  1873.     They  are  as  follows : 

I.      .        .     69.40     7.92     0.46     2.52     4.36     0.02     1.46     10.52    0.19     0.49     2  69 
n.      .         .     69.34     5.40     0.39     3.35     9.29    trace    ].21     11.60    none 

The  metallic  iron  is  for  the  two  analyses  50.60  and  50.21,  a 
striking  illustration,  taken  in  connection  with  the  rich  appearance 
of  the  ore,  of  the  way  in  which  titanic  acid,  replacing  oxide  of  iron, 
renders  the  ore  not  only  refractory,  but  relatively  lean. 

An  analysis  by  Mr.  Britton  in  1873  gave  15.05  titanic  acid,  and 
a  series  of  very  careful  determinations,  made  in  1876  by  the  late 
Isidor  Walz,  from  hand-specimens  carefully  selected  from  different 
parts  of  the  vein,  showed  the  following  percentages  of  titanic  acid  : 
15.05;  13.30  (with  54.04  Fe);  12.36;  14.45  (with  55.02  Fe) ;  9.83  • 
12.19;  10.37;  9.82;  12.02.  The  only  determination  of  phospho- 
rus was  0.007.  As  a  curious  fact  with  regard  to  this  ore,  it  may  be 
noted  that  it  was  found  by  Mr.  Walz  to  contain  vanadic  acid,  three 
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determinations  on  different  samples  showing  respectively  0.38,  0.31 
and  0.13.  An  attempt  made  by  us  to  concentrate  this  ingredient 
and  make  it  commercially  valuable  proved  unsuccessful. 

I  need  hardly  say,  as  to  the  difficulty  of  using  titan iferous  ores 
in  the  blast-furnace,  that  it  lies  in  the  relative  infusibility  of  the 
slag,  into  which  nearly  all  of  the  titanic  acid  passeg,  a  very  small 
portion,  if  any  at  all,  being  reduced  to  titanium  and  alloyed  with 
the  iron  of  the  pig ;  and  another  small  portion  gradually  accumu- 
lating in  the  furnace-hearth,  as  the  so-called  "  nitro-cyanide " 
(TigCNJ.  The  quality  of  the  pig-iron  produced  from  titaniferous 
ore-mixtures  is,  so  far  as  my  experience  goes,  exceptionally  good, 
though  not,  as  a  rule,  in  my  judgment,  by  reason  of  the  amount  of 
titanium  in  the  iron,  but  rather  because  the  titaniferous  ores  are 
usually  free  from  phosphorus,  and  because  if  iron  is  made  from 
them  at  all,  it  must  be  made  at  a  very  high  temperature.  We  are 
all  familiar  with  the  fact  that  we  get  the  best  grades  of  pig  by 
adjusting  the  burden  so  as  to  have,  incidentally,  a  less  fusible  slag; 
or,  to  put  it  concisely,  that  we  cannot,  when  using  limestone  or 
dolomite  as  flux,  select  the  proportion  of  silica  to  base  which  will 
give  us  the  most  fusible  slag,  and  then  expect  No.  1  pig.  Now,  as 
I  understand  it,  the  passage  of  titanic  acid  into  the  slag  renders  it 
so  much  less  fusible  as  almost  to  transcend  the  heat-producing 
capacity  of  the  blast-furnace  under  ordinary  conditions.  We  have 
made,  at  Durham  furnace,  foundry-pig  of  excellent  quality  from 
mixtures  containing  only  -^  of  the  Church  ore,  or,  say,  1  per  cent.* 
of  titanic  acid  in  the  ore-mixture;  and  we  have  had  much  trouble 
with  the  slag,  because  it  was  so  thick  and  sluggish.  At  the  same 
time,  the  hearth  would  fill  up.  These  high-titanium  ores,  by  the 
way,  are  an  excellent  material  (at  least  they  used  to  be,  under 
the  old  furnace-practice)  far  checking  the  cutting-out  of  hearth- 
walls.  I  fancy,  however,  that  a  little  of  the  medicine  goes  a  great 
way.  When  it  was  known  in  the  trade  that  we  had  ores  of  that 
kind  to  spare,  I  used  to  receive  occasional  inquiries  from  blast-fur- 
nace managers,  who  were  troubled  with  such  cutting-out  of  hearth- 
walls  and  bottom.  Sometimes  they  wanted  us  to  quote  prices  for 
large  quantities,  but  nobody  ever  toak  more  than  one  car-load,  and 
I  infer  that  the  dose  was  sufficient.  That  was,  however,  a  dozen 
years  ago.  Our  more  receiit  practice,  with  its  high  pressures,  high 
blast  temperatures,  rapid  running,  water-cooled  furnace- walls,  and 

*  Nearer  2  per  cent.     See  remarks  of  Mr.  Fackenthal,  p.  279. 
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carbon-brick  furnace-linings,  probably  needs  no  titaniferous  medi- 
cine, and  if  it  did  require  such  physic,  could  stand  a  larger  amount 
of  it. 

The  reports,  principally  from  abroad  (see  the  admirable  descrip- 
tion of  practice  at  an  English  works,  where  ores  containing  39.20  per 
cent,  of  titanic  acid  were  smelted,  in  the  paper  of  Mr.  W.  M.  Bow- 
ron.  Transactions,  xi.,  159)  of  the  successful  use  of  titaniferous 
ores,  with  the  aid  of  highly  aluminous  fluxes,  seem  to  rest  simply 
upon  the  fact  that  silicates  with  a  triple  base  (magnesia,  lime  and 
alumina)  are  more  fusible  than  silicates  of  lime  or  of  lime  and  mag- 
nesia only,  and  hence,  a  certain  hearth-temperature  being  both 
favorable  to  the  grade  of  the  pig  produced  and  within  the  ordinary 
range  of  the  blast-furnace  process,  the  triple-base  slags  will  stand 
the  effects  of  titanic  acid  and  still  fuse  at  that  temperature,  whereas 
the  non-aluminous  slags  will  not  regularly  and  easily  do  so.* 

President  Birkinbine:  Mr.  Nitze  has  opened  a  very  fruitful 
topic  of  discussion.  Dr.  Raymond  might  have  gone  further  into 
detail  and  traced  those  great  titaniferous  belts  through  Canada  and 
northern  New  York,  as  well  as  the  southern  States.  In  the  Lake 
Champlain  district  we  find  such  deposits  lying  between  others  that 
are  perfectly  free  from  titanic  acid.  Within  two  or  three  miles  of 
the  well-known  magnetite-mines  at  Port  Henry,  there  are  titanif- 
erous deposits  on  which  a  large  amount  of  money  has  been  spent  in 
vain.  Any  one  who  solves  the  problem  of  utilizing  this  class  of  ore 
with  low  fuel  and  moderate  labor,  will  have  a  large  supply  of  raw 
material  offered  him  from  all  over  the  country.  Providence  seems  to 
have  placed  these  titaniferous  deposits  right  where  they  are  the  most 
inviting.  The  titaniferous  ore-formation  of  the  Adirondacks,  for  in- 
stance, which  I  presume  is  one  of  the  most  marvellous  in  the  United 
States,  though  practically  inaccessible  now  to  ordinary  lines  of  travel, 
is  on  the  headwaters  of  the  Hudson  river,  so  that  the  ore  could  readily 
be  transported  as  soon  as  we  can  find  use  for  it.     I  have  sometimes 

thought  we  could  overcome  the  objections  to  it  by  the  use  of  a  re- 

jir. — 

*  This  statement  has  been  considerably  expanded  since  the  oral  discussion  at 
Baltimore,  not  with  the  purpose  of  instructing  members  who  are,  as  managers  of 
blast-furnaces,  familiar  with  the  practice  and  the  literature  of  the  subject,  but 
rather  for  the  benefit  of  those  who,  not  pretending  to  this  special  knowledge,  are 
sometimes  called,  as  surveyors,  general  geologists,  or  owners  or  purchasers  of  land, 
to  form  an  opinion  as  to  the  probable  value  of  titaniferous  iron  ore-deposits.  I 
receive  numerous  inquiries  and  propositions  from  otherwise  intelligent  (or  even 
scientifically  educated)  persons,  who  do  not  understand  why  "  immense  masses  "  of 
such  ore  are  not  eagerly  purchased  by  capitalists. — R.  W.  R. 
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movable  hearth,  so  that  if  it  did  build  upon  us  too  rapidly  we  could 
pull  it  out.  I  don't  know  whether  that  has  been  done  on  a  large 
scale  or  not. 

Henry  M.  Howe,  Boston,  Mass, :  I  think  the  idea  suggested  by 
Mr.  Birkinbine  is  feasible,  and  may  be  of  great  value.  When  we 
consider  that  we  can  take  a  converter  out  and  put  back  another  in 
five  minutes,  the  difficulty  of  removing  a  blast-furnace  hearth  and 
putting  back  a  new  one  does  not  appear  insurmountable.  In  view 
of  the  enormous  deposits  of  these  ores  all  over  the  country,  it  seems 
to  me  the  thing  might  well  be  tried. 

Mr.  Birkinbine  :  The  suggestion  is  one  upon  which  I  had,  in 
fact,  made  some  sketches ;  but  I  do  not  mean  to  say  that  the  idea  is 
anywhere  near  completion. 

One  other  feature  about  the  titaniferous  deposits,  however,  deserves 
notice,  namely,  the  fact  that  it  has  been  found  in  some  instances 
that  the  amount  of  titanic  acid  in  a  crude  ore  could  be  materially 
reduced  by  magnetic  concentration. 

Mr.  Raymond  :  I  think  Prof.  Egleston  could  give  us  some  in- 
formation on  that  point.  If  I  remember  correctly,  many  titanifer- 
ous ores  have  been  found,  upon  examination  at  the  Columbia  School 
of  Mines,  to  consist  of  a  mechanical  mixture  of  ilmenite  with  mag- 
netite comparatively  low  in  titanic  acid ;  and  since  the  ilmenite  is 
well  known  to  be  much  less  susceptible  than  magnetite  to  mag- 
netic attraction,  the  idea  of  a  magnetic  separation  is  naturally  sug- 
gested. 

Prof.  T.  Egi  eston,  New  York  City  :  The  statement  of  the  Sec- 
retary is  quite  correct.  I  am  now  engaged  in  further  investigations 
on  that  subject,  and  hope  to  be  able  to  present,  before  long,  some  in- 
teresting results. 

B.  F.  Fackenthal,  Jr.,  Durham  Iron  Works,  Riegelsville, 
Pa.  (Communication  to  the  Secretary):  In  connection  with  what  Dr. 
Raymond  has  said  concerning  the  titaniferous  ore  of  the  Church 
mine,*  N.  J.,  and  its  use  in  the  Durham  furnace,  some  further  re- 
marks may  be  of  interest. 

The  range  or  belt  of  specially  titaniferous  iron-ore  can  be  traced 
N.E.  and  S.W.  from  the  Church  mine.  To  the  N.E.  are  the 
Schooley's  Mountain  ores,  rao.st  of  which  are  high  in  titanic  acid. 
One  of  these  mines  which  has  come  particularly  to  my  notice  carries 
9.80  per  cent,  of  TiOa-     The  Naughright  mine,  near  Chester,  N.  J., 

*  Prof.  Cook,  in  the  Geology  of  New  Jersey,  calls  this  the  Van  Syckle  mine. 
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carries  7.50  per  cent.  Ti02.  Surface  samples  from  the  Johnson 
farm  near  Glen  Gardner,  N.  J.,  show  8.97  per  cent.  Ti02.  To  the 
S.\y.  of  the  Church  mine,  the  Bloom  farm,  near  Little  York,  N.  J., 
carries  4.70  per  cent.  TiOg.  The  Hager  mine,  in  Holland  township, 
carries  7.02  per  cent.  TiOa.  Crossing  the  Delaware  river  into  Penn- 
sylvania, the  belt  can  be  traced  just  south  of  the  Durham  mines, 
where  it  has  been  opened  on  the  Nicholas  farm. 

What  Dr.  Raymond  observes  concerning  the  Church  ore  is  true 
of  the  ores  found  in  all  the  openings  on  the  belt,  namely,  that  they 
are  low  in  phosphorus.  But  they  are  high  in  sulphur,  even  the 
Church  ore  containing  between  1  per  cent,  and  2  per  cent,  accord- 
ing to  the  analyses  given,  and  some  of  the  others  containing  consider- 
ably more. 

But  nearly  all  the  New  Jersey  magnetites  carry  titanic  acid,  though 
not  in  such  proportions  as  are  found  on  the  belt  referred  to.  I 
think  the  average  to  be  nearly  1  per  cent.  Neglecting  to  take  this 
fact  into  consideration.  Dr.  Raymond  speaks  of  the  Durham  ore- 
mixture  including  jlg-  of  Church  ore,  as  carrying  therefore  1  per  cent, 
of  titanic  acid,  whereas  it  carried  more  nearly  2  per  cent.  The  dif- 
ference is  important,  because  a  mixture  containing  only  1  per  cent, 
of  TiOj  would  not  be  likely  to  give  serious  trouble. 

In  our  experience  with  the  Church  ore  in  the  Durham  furnace, 
there  were  some  peculiar  features.  As  Dr.  Riymond  says,  nitro- 
cyanide  accumulations  in  the  hearth-bottoms  are  frequent  in  the 
Lehigh  valley  furnaces.  We  have  had  them,  both  at  Durham  and 
at  Request,  as  the  cumulative  result  of  small  percentages  (say  1  per 
cent.)  of  TiOj  in  the  ore-mixture,  when  no  extraordinarily  titanifer- 
ous  ores  had  been  used.  Some  eight  years  ago  a  salamander  of  Tig 
CN^  weighing  many  tons  was  taken  from  the  Oxford  furnace ;  and 
I  believe  it  was  supposed  to  have  been  gradually  formed  in  the  use 
of  certain  Jersey  magnetites  of  excellent  reputation.  But,  strange  to 
say,  when  we  used  the  titaniferous  Church  ore  in  the  Durham  fur- 
nace, we  got  no  nitro-cyanide  at  the  bottom ;  and  the  filling-up  of 
the  hearth  with  which  we  were  troubled  was  not  at  the  bottom,  but 
on  the  sides,  where  a  plastic,  infusible  mass  adhered,  causing  loss  of 
room,  and  necessitating  more  frequent  casts.  When  the  Church  ore 
was  discontinued  in  the  mixture,  these  accretions  would  wear  away, 
and  the  lost  hearth-room  would  be  regained.  That  the  trouble  was 
not  at  the  bottom  was  clear  from  the  fact  that  we  never  noticed  it  at 
the  iron-notch. 

The  idea  of  a  removable  furnace-hearth  for  the  treatment  of  high- 
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titanium  ores,  mentioned  by  Mr.  Birkinbine  and  Mr.  Howe,  seems 
to  me  of  doubtful  practicability,  mechanically.  But  the  most  con- 
clusive objection  to  such  a  plan  is  the  low  grade  of  the  ores  them- 
selves, which  makes  them  unable  to  bear  much  transportation  or 
cost  of  mining,  and  undesirable  to  the  furnace-manager,  even  if  he 
could  successfully  smelt  them.  As  Dr.  Raymond  says,  "  titanic  acid, 
replacing  oxide  of  iron,  renders  the  ore  not  only  refractory,  but 
relatively  lean."  The  high-titanium  ores,  so  far  as  I  know,  usually 
carry  less  than  50  per  cent,  of  iron  ;  and  the  gangue  which  must  be 
fluxed  in  smelting  them  is  certainly  more  difficult  to  deal  with  than 
an  equal  proportion  of  ordinary  earthy  gangue,  or  even  of  silica. 
The  cost  of  mining  such  ores  is  not  less  than  that  of  raining  other 
hard  magnetites.  It  seems  to  me  that  there  is  no  very  strong  demand 
for  a  special  invention  to  overcome  the  difficulty  of  smelting  a  ma- 
terial which  would  not  be  desirable  even  if  there  were  no  such  tech- 
nical difficulty,  because  it  does  not  yield  iron  enough  to  pay  for 
mining,  transportation,  flux,  fuel  and  furnace-labor  under  average 
conditions.  It  is  possible  to  make  pig-iron  from  titaniferous  ores, 
but  it  is  not  profitable ;  and  the  reason  it  is  not  profitable,  apart 
from  the  refractory  character  of  the  ores,  is  their  poverty. 
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BY   OTTO  F.    PFORDTE,    JERSEY  CITY,    N.   J. 
(Lake  Champlain,  Plattsburgh  Meeting,  June,  1892.) 

In  view  of  the  extensive  use  of  vanning-raachines  in  this  coun- 
try, a  brief  comparison  of  the  results  obtained  by  the  plain  belt 
generally  employed,  and  the  corrugated  belt  which  was  introduced 
a  few  years  ago,  may  be  of  interest.  The  data  given  below  have 
been  abstracted  from  a  working-journal,  and  hence  lack  the  precision, 
and  also,  in  several  desirable  particulars,  the  detail,  which  would 
naturally  have  been  secured  in  special  experiments ;  but  they  have 
the  advantage  of  being  working-figures,  and  are  sufficient  as  the 
basis  of  a  fair  comparison  between  the  two  kinds  of  belt  working  on 
similar  ores. 

The  conditions  under  which  the  work  was  done  were  the  fol- 
lowing : 
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The  ore  was  crushed  and  stamped  through  a  l2-raesh  screen  and 
separated  by  a  hydraulic  separator,  the  coarse  being  jigged,  while 
the  fine  passed  into  a  settling- tank.  From  this  tank  the  pulp  was 
drawn  off  by  a  pipe  at  the  apex  and  passed  into  a  launder,  which 
divided  the  current  into  two  equal  parts,  carried  respectively  to  the 
vanners  with  plain  and  corrugated  belts. 

The  inclination  of  the  tables  was  about  3^  inches.  On  the 
smooth  belt,  the  alternate  clean-water  spouts  were  closed,  each  open 
spout  flowing  with  a  little  heavier  stream  than  those  of  the  corru- 
gated belt.  The  latter,  having  only  a  single  row  of  spouts,  but  all 
flowing,  used  the  greater  total  quantity  of  water. 

The  ores  treated  were  silver-ores,  in  which  the  amount  of  mineral 
varied  from  5.7  to  14.5  per  cent.,  reaching,  in  one  exceptional  case, 
24  per  cent.  As  the  ore  was  partly  treated  on  jigs,  these  figures  do 
not  represent  the  exact  character  of  the  pulp  passing  on  the  van- 
ners, but  they  may  be  considered  as  sufficiently  accurate  for  the 
present  purpose. 

The  mineral  in  the  ores  was  made  up  wholly  of  sulphides,  consist- 
ing mainly  of  zincblende,  gray  copper,  iron  pyrites,  some  galena 
and  copper  pyrites.  In  some  cases,  arsenical  pyrites,  in  others,  a 
larger  proportion  of  galena,  was  present,  with  traces  of  ruby  silver. 

In  the  following  tables  the  weight  of  the  concentrates  and  the 
silver  assay  in  ounces  per  ton  of  concentrates,  their  calculated  actual 
contents  in  silver,  and  the  assay  of  the  tailings  are  given,  the  re- 
sults of  the  plain  belt  being  on  the  left  and  those  of  the  corrugated 
belt  on  the  right  side. 

As  the  tailings  were  re-concentrated  on  another  machine,  they 
were  not  so  carefully  adjusted  as  would  have  been  the  case  other- 
wise. The  tailings-samples  were  taken  but  once  each  day,  during 
an  interval  of  ten  to  fifteen  minutes,  and  are  therefore  not  as  accu- 
rate as  might  be  desired;  but  the  figures  will  serve  to  give  an  ap- 
proximate idea. 

In  Table  I.  the  daily  results  are  compared.  Each  lot  is  desig- 
nated by  a  capital  letter.  The  first  four  lots  were  taken  from  the 
same  mine  at  intervals  during  six  months;  the  remainder  (except 
the  last  two)  are  ores  from  different  mines.  In  Table  II.  the  weekly 
averages,  and  the  gain  and  loss  of  the  corrugated  belt  in  percentage, 
are  compared  with  those  of  the  plain  belt,  and  different  lots  are 
grouped.  In  Table  III.  the  final  results  of  groups  I.,  II.,  and  III., 
having  respectively  5  to  10,  10  to  15,  and  24  per  cent,  of  mineral 
in  the  ore,  are  compared. 
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These  groups  are  composed  as  follows  : 


Mineral  in  ore,       Battery  pulp-assay. 
Per  cent.  Oz.  per  ton. 

r  A, 7.  22.7 


I-    i 


B, 9.3  22.2 


C, 5.7  13.3 

i  D, 6.  14.2 

f  E, 12.6  52.3 

I 


F 11.6  28.3 

^^-    "I  G, 14.5  45. 

[  H, 14.2  52.5 

III.        J, 24.  83.7 

In  glancing  over  Table  I.,  it  will  be  observed  at  once  that  the 
quantity  of  concentrates  produced  each  day  is  less  on  the  plain  belt 
than  it  is  on  the  corrugated  belt ;  while  the  quality  of  the  product, 
as  well  as  the  tailing-assays,  is  higher,  and  the  total  amount  of  silver 
obtained  in  the  product  is  less. 

The  variations  of  the  figures  from  day  to  day  are  due  to  the  natu- 
ral variations  in  the  ore,  the  amount  of  wash-water  used,  and  other 
minor  causes,  aud  would  probably  be  equalized  to  a  great  extent  in 
the  treatment  of  a  large  quantity  of  a  nearly  uniform  ore  after  the 
satisfactory  adjustment  of  the  grade  of  concentrates  and  tailings, 
which  always  I'equires  some  experimenting  for  a  new  ore. 

In  Table  II.  it  will  be  observed  that,  in  the  columns  of  percent- 
ages, the  assays  of  group  I.  bear  a  very  regular  relation  to  each 
other,  those  of  the  corrugated  belt  being  about  15  percent,  less  than 
those  of  the  plain  belt.  This  shows,  also,  that  the  character  of  the 
silver-bearing  mineral  is  comparatively  uniform,  and  independent  of 
the  amount  contained  in  the  ore.  The  smaller  amounts  extracted  in 
A  and  B,  as  compared  with  C  and  T>,  are  accounted  for  by  the  larger 
amount  of  clear  water  used,  thus  driving  much  of  the  mineral  into 
the  vanner-tailings,  to  be  re-concentrated  subsequently.  Tiiis  was 
done  under  the  erroneous  idea  of  bringing  the  grade  up  to  that  pro- 
duced by  the  plain  belt.  Hence,  a  fair  comparison  of  the  work  on 
this  kind  of  ore  would  be  obtained  by  considering  only  the  lots  C 
and  D,  which  would  give  a  total  result  very  much  better  than  that 
shown  for  the  whole  of  group  I.  In  group  II.  all  the  ores  are  dif- 
ferent in  character,  which  accounts  for  the  variations  in  the  results. 
The  best  one  of  these  for  the  corrugated  belt  is  G,  which  shows  60 
per  cent,  more  in  quantity,  only  6J  per  cent,  less  in  a.S8ay,  and  nearly 
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Table  I. 

Results  of  Concentration  on- 


PLAIN   BELT. 

CORRUGATED  BELT. 

A... 

a    . 
§1 

OS 

o 

M    P- 
< 

C  3 

6^ 

Tailings. 
Ozs.  per  ton. 

o    . 

eg 

§    . 

Od 
o 

^  ft 

-J2  co- 
ll 

6o 

.d 

o 

546 
696 
688 
829 
731 
719 

700 

220 
225 
215 
197 
197 
197 

60 

78.3 

74 

81.7 

72 

70.8 

809 
874 
851 
1197 
897 
872 

180 

175 

192.5 

141 

177 

192 

72.8 
77.4 
81.9 
84.4 
79.4 
83.7 

208.5 

73.6 

917 

176.6 

7Q  9 

1 

B... 

1014 
1026 
717 
878 
1013 
675 

231 

223.3 

196 

202 

224 

214.5 

117.1 

114.6 

70.3 

88.7 

113.5 

72.4 

1034 
1383 
1094 
1286 
1121 
738 

197 

197.5 

175 

150 

192 

201 

101.8 
136.5 
95.7 
96.4 
107.6 
74.2 

887 

215.1 

96.1 

1193 

185.4           102 

C... 

480 
630 
550 
490 
540 
390 

115 

110 

121 

134.5 

117 

133 

27.6 

.34.7 

33 

32.8 

31.5 

24.8 

5 
2 
3 

7.5 
7.3 
7 

780 
790 
810 
820 
870 
680 

103              40.2 
102.5           40.4 
104.5           42.3 
102.5           41.1 
98.5           42.8 
109              37 

3.5 

2.5 

2.5 

3 

5 

4 

513 

121.7 

30.7    1        5.3 

792   ■ 

103.3  j       '40.6 

3.8 

D... 

770 
690 
770 
850 
660 
610 

137.5 

148.4 

135 

159 

140 

147 

52.9 
51.2 
51.9 
67.5 
46.2 
44.8 

6.5 

4 

6 

3.5 

7 

3.5 

1110 
920 
1080 
1290 
1170 
1150 

120.5 
132 
125 
132.5 
96 
121 

66.9 
60.7 
67.5 
85.5 
56.2 
69.6 

1.5 

2 

2 

3 

3 

4.5 

722 

144.5 

52.8 

4.9 

1120 

124.7 

67.7 

2.7 

E... 

1290 
1820 
560 
940 
920 
1220 

235 

260 

278.7 

276 

310 

ai4 

1.51.6 
236.6 
78 
129.7 
142,8 
148.8 

3.5 

1400 
2580 
1120 
1030 
1550 
1540 

215              150.5 
212.5           274.1 
173                87  h 

3 
5 

21.5 

21 

12 

231.5 

253 

188 

119.2 

196 

144.8 

9.8 
12 
8 

1125 

267.3 

147.9 

13 

1537 

212.2 

162 

7.5 

F... 

560 
660 
490 
350 
710 
620 

165 
180 
146 
196 
198 
140 

46.3 
59.4 
35.8 
36.3 
70.3 
43.4 

12 
25 
23 
6 

25 
11 

920 

1060 

950 

680 

1150 

1010 

144 
130 
120 
153 
168 
83.5 

66.2 
68.9 

57 
52 
96.6 
42.2 

3 

10 
16 
3.5 

7 
8 

565 

170.9 

48.6 

17 

961 

133.1 

63.8 

7.9 

G... 

780 

840 

1190 

1050 

670 

205.5 

197 

222.5 

224 

221.5 

80  1             '  s 

880 
1910 
1630 
1650 
1200 

193 

190 

202.5 

197 

218.5 

84.9 
181.5- 
164.6 
162.5 
131.1 

8217 
132 
117.6 

74 

■ 

9.2 

11.6 
5.2 

6.8 
3.6 

906 

214.1 

97.3 

8.2 

1454 

200.2 

144.9 

6.5 
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Table  T. — concluded. 


PLAIN  BELT. 

1 

CORRUGATED  BELT. 

H.. 

o 

o 

IS. 
< 

1§ 

.  c 

..-  o 

S  P. 

c 

Concen- 
trates.  Lbs. 

As.say.   Ozs. 
per  ton. 

Contents. 
Ounces. 

Tailings. 
Ozs.  per  ton. 

1170 
1290 
1450 

290 
310 
269 

169.7 
200 
196  ' 

10.5 
18.5 
16.2 

1610              277 
1720              214.5 
1630              262 

235.5 
184.5 
213.5 

11.5 
11.7 
17 

1333 

289.7 

188.4    1      15.1 

16-53              251.2 

211.2 

13.4 

L... 

1450 
1630 

341 
315 

247 
256.7 

9.8 
12. 

2250 
2300 

287 
295 

327.8 
339.2 

5 
10.5 

1540 

328 

251.8 

10.9 

2275 

291 

332.5 

7.7      i 

1 

Table  II.                                            1 

1 

L.. 

fA.    700 
J  B.    887 
1  C.    513 
i.D.   722 

208.5 
215.1 
121.7 
144.5 

73.6 
96.1 
30.7 
52.8 

f     917 

1193 

"      792 

.  1120 

176.6 
185.4 
103.3 
124.7 

79.9 
102 

40.6  3.8 

67.7  2.7 

5.3 

4.9 

705  j      142.5 

63.3 

5.1 

1005 

147.5     i        72.5             3.3 

n... 

fE.  1125 
J  F.     565 
"  G.    906 
Ih.  1333 

267.3 
170.9 
214.1 
289.7 

147.9 

48.6 

97.3 

188.4 

13 

17 
8.2 
15.1 

r  1537 
J      961 
1    1454 
L  1653 

f  212.2 
J    133.1 
1    200.2 
L  251.2 

f  162 
J      63.8 
1    144.9 
L  211.2 

7.5 
7.9 
6.5 
13.4 

982 

■  235.5 

120.5 

13.3 

1401 

199.2 

145.5 

8.8 

III. 

J.    1540 

336      I      251.8    1        10.9 

2275 

291 

332.5     1        7.7 

I.... 

Per  cent. 

Per  cent. 

Percent.'  Percent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

•"a.    100 

He 

100 

100 

100 

r  131 

134.5 
■    154.5 
.  155 

84.7 
S6.3 
84.9 
86.3 

108.6 
106.1 
132.2 
128.2 

n"7 

55.1 

100 

100 

100 

100 

143.8 

85.5 

118.8 

63.4 

II.. 

rg-    ... 
1 G.   :.: 

LH.    ... 

r  136.5 
J    170 
1    160.5 
L  124 

79.4 
77.8 
93.5 
86.7 

109.5 
130.4 
148.9 
112.3 

57.7 
46.5 
79.3 

88.7 

100 

100              100 

100 

142.8 

84.3 

125.2 

63. 

III..|j.     100 

100      1        100      1        100 

1      147.8 

88.4    j      132 

70.7 

Table  III. 

I.... 
II... 
III. 

705 
982 
1540 

142.5 
235.5 
328 

63.3 
120.5 
251.8 

5.1 
13.3 
10.9 

1005 
1401 
2275 

147.5 
1119.2 
291 

72.5 
145.5 
332.5 

3.3 

8.8 
7.7 

1079 

235.3 

145.2 

8.1 

1563 

212.6 

183.5 

6.6 

I.... 
II... 
III. 

Per  cent. 
100 

Per  cent.  Per  cent 
100             100 

Per  cent. 
100 



Per  cent 
143.8 
142.8 
147.8 

Per  cent. 

a5.5 

84.3 
88.4 

Per  cent. 
118.8 
125.2 
132 

Per  cent. 
63.4 

«8 
70.7 

100 

100      1        100 

1        100 

1      146.3 

86.2 

125.3 

67.4 
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50  per  cent,  more  silver  in  the  concentrates  than  is  obtained  by  the 
])lain  belt.  Group  III.  is  only  represented  by  a  two  days'  run  on  a 
very  rich  ore,  containing  mainly  galena  and  some  ruby  silver;  but 
the  result  indicates  that  the  second-best  work  of  the  corrugated  belt 
was  done  on  this  lot. 

The  final  average  percentages  of  the  three  groups  show,  that  the 
work  of  the  plain  belt  being  taken  as  100,  the  corrugated  belt  gave 
146.3  in  quantity  of  concentrates,  86.2  in  assay,  125.3  total  silver- 
contents,  and  67.4  in  assay  of  tailings  for  the  same  amount  of  mate- 
rial worked  ;  or,  in  round  numbers,  the  product  of  the  corrugated 
belt  is  one-half  more,  its  quality  one-eighth  less,  the  silver  contained 
one-quarter  more,  and  the  tailings-assay  one-third  less  than  the  cor- 
responding results  of  the  plain  belt.  The  gain  in  silver-contents 
will  be  increased  to  three-tenths  if  lots  A  and  B  are  disregarded 
entirely,  as  they  should  be. 

The  greater  amount  of  silver  contained  in  the  concentrates  is  not, 
however,  the  true  measure  of  the  advantage  of  the  corrugated  belt. 
It  is  offset,  in  part,  by  several  items,  namely,  the  greater  first  cost  of 
the  machine,  the  smaller  selling-value  per  ounce  of  silver  which  the 
concentrates  have,  and  the  increased  charges  for  freight  and  subse- 
quent treatment  of  the  concentrates,  which  are  in  direct  proportion 
to  their  increase  in  quantity.  Hence,  the  exact  amount  gained  by 
using  the  corrugated  belt  would  have  to  be  calculated  separately  in 
each  case. 

Re-concentration  of  the  vanner-tailings  may  be  economical,  espe- 
cially where  the  ore  is  mixed  or  variable  in  character,  or  not  very 
well  suited  for  concentration.  In  such  a  case,  the  aim  should  be  to 
obtain  a  high-grade  product  on  the  vanuer  without  adjusting  the 
tailings  too  closely,  while  in  the  subsequent  re-concentration  almost 
exclusive  attention  should  be  given  to  the  obtaining  of  low  tailings 
after  an  economical  grade  has  been  found  for  the  concentrates. 

In  re-concentration,  the  error  is  often  made  of  passing  the  van- 
ner-tailings directly  upon  another  concentrating-inachine.  This 
should  never  be  done.  In  every  case  the  tailings  should  first  pa.ss 
through  a  settler,  in  order  to  free  them  from  the  extra  amount  of 
water  that  has  been  added  on  the  vanner,  and  thus  return  the  pulp 
to  a  proper  consistency,  which  may  then  be  regulated  as  circum- 
stances require,  this  being  one  of  the  important  conditions  of  good 
concentration. 

Whether  it  is  best  to  concentrate  first  on  the  corrugated  and  then 
on  the  plain  belt,  is  a  question  which  requires  experimenting ;  but 
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it  is  very  probable  that  using  the  corrugated  belt  first  will  produce 
the  best  results,  as  it  removes  the  great  bulk  of  the  mineral  and  thus 
permits  a  closer  adjustment  of  the  machinery  subsequently  used. 
Two  similar  machines,  however,  should  not  be  used  on  both  the 
original  pulp  and  the  tailings,  for  the  ore-particles  which  escape  the 
peculiar  action  of  the  one  may  be  more  probably  saved  by  the  other 
if  its  action  is  different. 

When  the  wear,  labor,  cost,  and  interest  of  an  extra  machine,  and 
the  subsequent  expenses  on  the  product,  are  considered,  it  may  often 
be  the  case  that  a  single  concentration  comes  nearest  to  the  point  of 
maximum  economy.  In  that  case  a  corrugated  belt  is  generally  the 
best  one  to  use,  as  it  produces  a  marketable  product  with  the  lowest 
tailings.  But  the  corrugated  belt  must  be  rejected  in  those  rare 
cases  where  the  amount  of  silver  contained  in  the  concentrates  is 
counterbalanced  by  the  extra  expenses  due  to  their  increased  bulk. 
One  of  the  principal  advantages  of  the  corrugated  belt  is  that  it 
will  do  cleaner  work,  with  one  operation,  on  many  ores,  the  tailings 
of  which,  produced  on  the  plain  belt,  are  very  impure,  or  require 
re-concentration. 

There  can  be  no  doubt  that,  with  more  careful  experimenting 
on  good  concentrating-ores,  the  advantages  of  the  corrugated  belt 
will  be  brought  out  more  strikingly ;  but  the  foregoing  comparison, 
showing  the  amount  of  silver  contained  in  the  concentrates  to  be 
nearly  one-third  more  than  that  of  the  plain  belt,  with  an  increase 
in  bulk  of  50  per  cent,  or  less,  must  be  considered  as  establishing 
for  the  former  a  strong  claim  to  general  superiority. 

In  cases  where  a  very  large  quantity  of  the  same  class  of  ore  is 
treated  constantly,  it  would  be  advisable  to  make  a  careful  test  of 
the  two  kinds  of  belts,  since  even  a  very  small  gain  in  favor  of 
either  would  amount  to  a  considerable  sum  in  such  operations. 
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BY  C.    A.    STETEPELDT,    SAN  FRANCISCO,  CAL. 

(Lake  Champlain,  Plattsburgh  Meeting,  June,  1892.) 

In  my  paper  on  "The  Refining  of  Sulphides  Obtained  in  the 
Lixiviation-Process  with  Hyposulphite  Solutions  "  {Trans.,  xx.,  37), 
I  gave  the  outlines  of  a  process  for  refining  sulphides.     In  a  subse- 
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quent  paper,  "  Experiments  with  the  Roessler  Converter  at  the  Mar- 
sac  Mill,  Park  City,  Utah  "  {Trans.,  xxi.,  74),  I  recorded  the  failure 
of  that  apparatus  for  making  free  sulphuric  acid  of  sufficient  concen- 
tration, and  in  sufficient  quantity,  to  be  utilized  for  practical  purposes. 
In  the  present  paper  I  purpose  to  describe  the  Marsac  refinery  as  it 
is  now  arranged  and  operated. 

The  Marsac  lixiviation-mill  produces  three  classes  of  precipitates  : 

1.  Base  sulphides,  obtained  in  precipitating  the  silver-bearing 
wash-water  by  sodium  sulphide.  They  contain,  after  drying:  2200 
to  5200  ounces  of  silver  and  1.6  to  3.9  ounces  of  gold,  per  ton,  with 
2.6  to  5.2  per  cent,  of  copj)er  and  38  to  45  per  cent,  of  lead. 

2.  Carbonates,  obtained  in  precipitating  the  hyposulphite  solution 
by  Sol vay, soda.  They  contain,  after  drying:  600  to  1400  ounces 
of  silver  and  0.6  to  1.9  ounces  of  gold  per  ton,  with  23  to  41  per 
cent,  of  lead. 

3.  So-called  "  regular "  sulphides,  obtained  in  precipitating  hy- 
posulphite solution  (after  precipitation  by  Solvay  soda)  with  sodium 
sulphide.  They  contain,  after  washing  and  drying  :  11,200  to  12,- 
000  ounces  of  silver  and  11.1  to  12.1  ounces  of  gold  per  ton,  with 
23  to  28  per  cent,  of  copper,  and  from  a  trace  to  1  per  cent,  of  lead. 
About  85  to  87  per  cent,  of  the  total  silver  produced  by  the  mill  is 
concentrated  in  the  regular  sulphides. 

None  of  these  precipitates  have  been  analyzed.  The  base  sul- 
phides and  carbonates  are  not  treated  in  a  washing  filter-press,  and 
consequently  hold  a  considerable  quantity  of  soluble  salts,  perhaps 
from  10  to  13  per  cent.  We  know  that  there  is  some  lime  in  the 
carbonates,  and  that  the  sulphides,  both  base  and  regular,  contain  a 
large  percentage  of  free  sulphur.     The  rest  is  terra  incognita.^ 

The  base  sulphides  and  the  carbonates  are  shipped  and  sold  to 
smelters.  The  regular  sulphides  only  are  refined  at  the  mill,  be- 
cause sulphides,  with  a  large  percentage  of  lead,  would  not  be  suit- 
able for  treatment  by  the  process  adopted. 

To  recapitulate  briefly  from  my  former  paper,  the  process  consists 
in  the  following  operations  : 

1.  Matting  the  sulphides  in  an  iron  pot. 

2.  Roasting  the  pulverized  matte  in  a  muffle-furnace. 

*  In  a  former  paper  [Trans,  xx.,  15),  I  drew  attention  to  the  fact  that  the  mana- 
gers of  silver-mills  are  not  yet  sufBciently  educated  to  recognize  the  importance 
of  employing  chemists  in  their  works.  I  mnst  repeat  the  remark  here,  because,  in 
putting  the  Marsac  refinery  in  operation,  I  was  greatly  hindered  by  having  neither 
a  chemical  laboratory  nor  a  chemist  at  my  disposal. 
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3.  Dissolving  the  roasted  matte  in  dilute  sulphuric  acid. 

4.  Crystallizing  from  the  solution  blue-stone,  which  is  used  in  the 
mill  for  preparing  Russell's  extra-solution. 

5.  Washing  the  silver-residue,  pressing  it  into  cakes,  and  melting 
the  dry  cakes  to  bars. 

The  Plaxt. 

Matting-Furnace. — The  cast-iron  pot  is  3  feet  by  2  feet  on  the  top, 
somewhat  contracted  at  the  bottom,  and  11  inches  deep.  The  bot- 
tom is  2  inches  thick,  and  the  sides  taper  to  a  thickness  of  1  inch  on 
the  top.  It  is  set  in  a  fire-place,  and  covered  by  a  hood  of  sheet- 
iron,  provided  with  a  working-door.  A  stove-pipe  connects  the 
hood  with  the  Roessler  converter  through  which  the  escaping  gases 
are  drawn.  These  pots  should  be  of  fine-grained  iron,  and  entirely 
free  from  flaws.  Those  we  had  made  at  the  Risdon  Works,  San 
Francisco,  were  by  no  means  free  from  blow-holes;  still,  we  suc- 
ceeded in  matting  15,000  pounds  of  sulphides  in  one  of  the  pots  be- 
fore it  commenced  to  leak. 

The  Brueckner  Pulverizer. — For  pulverizing  the  matte,  I  imported 
a  small  Brueckner  ball-mill,  with  drum  800  mm.  in  diameter,  and 
500  ram.  wide,  made  by  the  Sachsenberg  Brothers,  Rosslau,  Ger- 
many. It  is  exceedingly  well  constructed  and  suited  for  pulveriz- 
ing silver- copper  matte.  Large  machines  are  used  for  this  purpose 
at  the  Ziervogel  extraction-works,  Mansfeld,  Germany.  The  pul- 
verizer makes  28  revolutions  per  minute,  requires  about  IJ  H.  P. 
to  run  it,  and  pulverizes  about  150  pounds  of  matte  per  hour  through 
a  No.  40  brass  wire-screen.  The  wear  and  tear  is  hardly  perceptible. 
Forged  wTought-iron  balls  are  used.  These  were  on  hand  at  the 
Ontario  mill  from  a  discarded  Brueckner  pulverizer,  erected  many 
years  ago.  That  machine  was  put  up  for  pulverizing  salt,  which  it 
did  very  well,  but  it  had  been  so  poorly  constructed  in  one  of  the 
San  Francisco  foundries  that  it  broke  down  at  least  once  every  24 
hours.  Brueckner's  pulverizer  would  have  been  as  great  a  success 
in  the  United  States  as  it  is  in  Germany  if  well-constructed  n)achines 
of  the  Sachsenberg  type  had  been  put  on  the  market. 

27ie  Muffle-Furnace. — The  roasting  of  the  pulverized  matte  is 
done  in  a  mu file- furnace,  the  muffle  being  heated  from  the  top  only. 
The  hearth  of  the  muffle  is  oval  in  shape,  7  feet  long,  and  4  feet  6 
inches  wide,  the  bottom  being  formed  by  a  cast-iron  plate  1^  inches 
thick,  with  rim  1|  inches  high.  There  are  two  working-doors  on 
opposite  sides  of  the  muffle.     An  air-slit,  next  to  the  fire-place,  sui> 
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plies  with  oxygen  that  part  of  the  muffle  which  lies  between  the 
fire-place  and  the  working-doors.  The  fire-place,  3  feet  6  inches  by 
18  inches,  is  arranged  to  burn  coal. 

The  end  of  the  muffle  is  connected  by  iron  gas-pipes,  four  inches 
in  diameter,  with  the  Roessler  converter.  To  avoid  overheating  of 
the  Koerting  blower,  made  of  hard  lead,  the  pipes  are  cooled  by  a 
spray  of  water.  In  the  center  of  the  hearth  is  a  discharge-opening, 
6  inches  square,  closed  by  a  well-fitting  cast-iron  plate.  A  car 
stands  below  this  opening.  The  charging  is  done  through  the  work- 
ing-doors. 

The  Roessler  Converter. — This  consists  of  a  lead-lined  tank,  4 
feet  in  diameter  and  6  feet  high.  On  top  of  the  cover  is  a  No.  2 
Koerting  blower  which  draws  the  gases  from  the  matting-pot,  or 
from  the  muffle-furnace,  and  forces  them  through  the  solution  in 
the  tank.  The  lead-pipe  in  the  tank  is  4  inches  in  diameter,  and 
connects  with  a  hexagonal  ring,  6  inches  above  the  bottom,  into 
which  1086  holes  of  ^-inch  diameter  have  been  drilled.  There 
is  an  outlet  for  the  solution  with  rubber-hose  and  pinch-cock. 
The  solution  can  be  drawn  into  a  small  filter-tank,  with  Koerting 
pump  below  the  filter.  It  is  pumped  to  the  wash-water  tank. 
Steam  and  sulphurous  acid  escape  through  a  wooden  box  on  top  of 
the  cover,  and  are  taken  out  through  the  roof  of  the  building. 

Dissolving- Tanks. — There  are  two  dissolving-tanks,  3  feet  6  inches 
in  diameter  and  5  feet  8  inches  high,  with  conical  bottoms.  The 
sides  are  lined  with  8-pound  lead,  and  the  conical  bottoms  with  12- 
pound  lead.  At  the  end  of  the  cone  is  a  discharge-opening,  2  inches 
in  diameter,  closed  by  a  tapering,  flanged  plug  of  soft  rubber.  The 
latter  is  held  in  place  by  an  iron  thumb-screw.  For  heating  the 
solution  a  1-inch  lead-pipe  is  provided.  It  ends  in  a  ring,  12 
inches  in  diameter,  perforated  with  a  number  of  holes,  so  drilled 
that  the  direction  of  the  steam-jets,  up  and  down,  is  rn  line  with 
the  slope  of  the  cone.  For  the  protection  of  the  lead-lined  cone,  a 
false  cone  of  8-pound  lead  is  inserted  round  the  ring  of  the  steam-pipe. 
The  tanks  project  2  feet  6  inches  above  the  charge-floor,  and  are 
suspended  by  flanges  of  heavy  angle-iron,  so  that  their  bottoms  are 
entirely  free. 

Filter-Tanks. — A  filter-tank  is  arranged  below  each  dissolving- 
tank  for  receiving  the  charge  from  the  latter.  These  tanks  are  5 
feet  6  inches  by  3  feet  and  2  feet  deep.  They  are  lead-lined  and 
provided  with  asbestos- cloth  filters.  The  latter  are  covered  with  a 
perforated  lead -plate,  so  that  the  filter  is  protected  in  removing  the 
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silver.  Each  tank  has  an  outlet  below  the  filter,  connected  with  a 
Koerting  pump,  made  of  hard  lead. 

Crystallizing  Vats. — There  are  six  of  these,  6  feet  by  3  feet  and 
2  feet  deep,  lined  with  6-pound  lead.  The  bottom  of  the  vat  is 
covered  with  an  extra  piece  of  sheet-lead.  Each  vat  has  an  inclined 
lead-lined  drainage-board  for  receiving  the  blue-stone  crystals. 

Wash-Water  Tank. — A  tank  of  the  same  size  as  the  crystal  lizing- 
vats  is  used  for  receiving  weak  solutions  and  wash-water. 

Koeriing  Pumps. — A  Koerting  pump,  made  of  hard  lead,  trans- 
fers solutions,  by  means  of  rubber-hose,  from  the  crystallizing- vats 
to  the  dissolving-tanks,  etc. 

Tanks  for  Precipitating  Cement- Copper. — The  two  copper  precii)i- 
tating-tanks  are  6  feet  long,  2  feet  wide  and  4  feet  deep,  lined  with 
lead.  The  bottom  is  V-shaped.  Each  tank  has  a  grate  on  which 
the  scrap-iron  rests,  and  is  divided  into  four  compartments,  through 
which  the  solution  is  circulated  by  a  small  Koerting  pump.  At  the 
V-shaped  ends  of  the  tanks  are  gates,  through  which  the  fine 
cement-co])per,  dropping  through  the  grates,  can  be  discharged  into 
a  filter-car. 

The  Cake  Press. — For  pressing  the  cement-silver  into  cakes,  a 
hydraulic  press,  with  mould  6  inches  in  diameter  and  4  inches  high, 
is  used.  The  safety-valve  of  the  force  pump  opens  when  a  pres- 
sure of  1000  pounds  per  square  inch  has  been  reached.  I  use  pure 
glycerine  in  the  pump-tank  in  place  of  water  or  alcohol,  and  find 
this  to  answer  very  well,  keeping  the  pump  and  valves  well  lubri- 
cated. The  press  was  made  by  Watson  &  Stillmau,  of  New  York, 
and  works  very  satisfactorily. 

Drier  for  Silver  Cakes. — A  small  drier  for  silver-cakes  is  heated 
by  air  derived  from  the  iron  chimney  of  the  muffle-furnace.  An 
air-chamber  is  formed  round  the  chimney  by  a  mantle  of  sheet-iron, 
and  from  tb€  annular  space  the  hot  air  is  drawn  through  the  dry- 
ing-chamber by  a  Koerting  ventilator. 

Building. — The  main  building  of  the  refinery  is  52  by  42  feet. 
In  an  annex,  52  by  25  feet,  stand  the  sulphide-drier,  a  small  engine 
for  driving  the  ball-mill,  cake-press  and  sample-grinder,  a  lead-lined 
tank  for  storing  sulphuric  acid,  a  bin  for  coal,  scales,  etc.  Here  is 
also  room  for  the  storage  of  sulphides. 

The  melting  of  the  silver  is  done  in  the  old  retort-room  of  the  mill. 
The  whole  building  is  provided  with  a  smooth  floor  of  cement-con- 
crete on  which  every  speck  of  dropped  sulphides  or  matte  can  be  seen. 
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The  Process. 

Matting. — On  account  of  the  large  amount  of  free  sulphur  con- 
tained in  the  sulphides,  they  cannot  be  roasted  directly,  but  must 
first  be  converted  into  a  matte.  This  is  done  either  with  or  without 
the  addition  of  copper.  In  ray  laboratory-experiments  I  obtained 
the  best  results  in  roasting  by  producing  a  matte  with  equal  percent- 
ages of  silver  and  copper;  and  I  followed  this  practice  at  first  in 
working  on  a  large  scale.  But  I  found  later  that  the  addition  of 
copper  is  not  necessary  if  proper  attention  is  paid  to  the  roasting  of 
the  matte. 

In  matting  the  sulphides  directly,  the  matte  fuses  at  a  very  low 
red-heat,  and  is  exceedingly  liquid.  The  more  copper  is  added,  the 
higher  is  the  temperature  at  which  the  matte  melts.  If  the  mat- 
ting is  done  without  incorporating  copper,  the  whole  charge  is  ob- 
tained in  liquid  form;  if  a  considerable  quantity  of  copper  is  used, 
a  large  portion  of  the  charge,  sometimes  nearly  all  of  it,  comes  out 
in  semi-fused,  partly  oxidized  lumps.  The  liquid  matte  was  at  first 
poured  into  small  moulds.  It  was  found,  however,  that  the  pieces 
thus  obtained  were  hard  to  pulverize;  and  now  the  matte  is  poured 
into  a  flat  box  of  cast-iron,  forming  sheets  about  \  inch  thick.  As 
soon  as  the  matte  solidifies,  and  before  it  gets  cold,  these  sheets  can 
be  rolled  up  like  sheet-lead.  AYhen  cold,  the  matte  is  exceedingly 
brittle. 

The  draught  of  the  matting-furnace  is  so  regulated  that  the  flame 
playing  round  the  pot  is  smoky  and  reducing.  A  bright,  oxidizing 
fire  would  soon  destroy  the  pot  by  forming  burnt  scales  on  the  out- 
side. The  cast-iron  is  not  attacked  by  the  liquid  matte  on  account 
of  the  great  affinity  of  copper  for  sulphur.  Small  pieces  of  wrought- 
iron,  derived  from  the  cement-copper,  which  occasionally  get  into 
the  charge,  remain  intact,  and  are  found  in  the  Brueckner  pulver- 
izer when  a  clean-up  is  made.  The  iron  ladles,  spades,  and  pokers 
used  in  matting  do  not  show  the  least  wear  after  considerable  ser- 
vice. 

About  800  pounds  of  sulphides  are  matted  in  one  shift,  consum- 
ing about  220  pounds  of  coal. 

Pulverizing  the  Matte. — The  matte  is  allowed  to  get  perfectly  cold 
before  pulverizing.  The  colder  it  is  the  quicker  it  pulverizes. 
When  the  Brueckner  ball-mill  gets  warm,  it  is  best  to  allow  the 
machine  to  cool  down.  The  product,  pulverized  through  a  No.  40 
screen,  is  scaly  and  granular,  and  absolutely  free  from  dust.  In 
opening  the  housing,  I  have  always  found  the  screens  perfectly  clear. 
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If  the  pulverizer  is  to  be  cleaned,  the  charge-hopper  is  removed, 
and  the  balls  are  taken  out  by  hand  through  the  charge-opening. 
Pieces  of  unpulverized  matte  are  scooped  out,  one  of  the  screens  is 
removed,  and  the  machine  is  revolved  for  a  few  minutes  until  the 
small  pieces  of  matte  between  the  cylinder  and  the  screens  have 
dropped  out.  The  pulverizer  is  then  ready  for  grinding  roasted 
matte. 

Roasting. — The  muffle-furnace  handles  conveniently  a  charge  of 
600  pounds  of  matte.  One-half  the  charge  is  generally  put  in  at 
once,  and  the  other  half  added  gradually  after  the  matte  has  caught 
fire.  It  is  essential  that  the  muffle  should  have  the  right  tempera- 
ture. If  it  is  too  cold,  the  charge  will  become  like  mush,  and  in 
such  a  case  it  is  best  to  draw  it  out  and  get  the  furnace  hot.  The 
temperature  should  be  sufficiently  high  to  ignite  the  matte  alx)ut 
fifteen  or  twenty  minutes  after  charging.  Two  men,  one  at  each 
door,  keep  the  charge  in  constant  motion,  working  it  alternately  with 
rake,  spade,  and  hoe.  The  draught  in  the  muffle  should  be  so  regu- 
lated that  fumes  do  not  escape  through  the  working-doors.  If 
necessary,  the  solution  in  the  Roessler  tank  is  lowered,  whereby  the 
amount  of  air  drawn  by  the  Koerting  blower  is  materially  in- 
creased. 

During  the  period  of  desulphurizing,  very  little  fire  is  needed. 
Later  on,  the  heat  is  increased.  It  takes  generally  eight  hours  to 
finish  a  charge.  The  charge  is  drawn  when  a  sample,  dropped  into 
a  beaker  filled  with  hot  water,  looks  black,  shows  a  weak  spangle- 
reaction  (precipitation  of  metallic  silver  from  silver  sulphate  by 
cuprous  oxide),  and  the  solution  gives  a  copious  precipitate  of  silver 
chloride  by  hydrochloric  acid.  Small  lumps,  when  broken,  should 
be  without  a  red  kernel  of  cuprous  oxide.  The  charge  is  dropped 
from  the  car  into  a  flat  cast-iron  pan,  and  allowed  to  cool  there 
slowly  over  night.  Large  lumps,  which  come  principally  from  the 
sides  of  the  muffle  in  cleaning  the  hearth  after  discharging,  are 
raked  out  and  re-crushed  with  the  raw  matte.  The  same  is  done 
with  scales  from  tools.  The  cooled  roasted  matte  is  accumulated 
in  iron  chests,  and  finally  pulverized  through  a  No.  40  screen  in  the 
Brueckner  mill. 

During  the  eight  hours'  roasting  about  1000  pounds  of  coal  are 
consumed. 

The  roasting,  as  conducted  at  the  Marsac  mill,  can  hardly  be 
called  a  Ziervogel  roasting.  In  fact,  it  is  not  desirable  to  form  a 
large  percentage  of  silver  sulphate.     If  a  sample  of  the  pulverized 
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roasted  matte  is  dissolved  in  dilute  sulphuric  acid,  the  solution  shows 
rarely  a  reaction  for  silver,  the  cuprous  oxide  present  decomposing 
the  silver  sulphate  completely. 

In  the  iron  pipe  connecting  the  muffle  with  the  Roessler,  about  a 
handful  of  scales  is  found  after  roasting  a  charge.  They  consist 
mostly  of  soluble  salts,  aud  contain  from  300  to  400  ounces  of  silver 
per  ton.  This  would  indicate  that  the  volatilization  of  silver  in  roasting 
is  very  slight.  The  precipitate  found  in  the  Roessler  assays  from  470 
to  900  ounces  in  silver  per  ton,  and  nearly  all  its  silver  is  soluble  in 
extra-solution,  indicating  that  the  silver  is  present  as  sulphide.  Its 
quantity  has  not  yet  been  determined,  owing  to  the  difficulty  of  filter- 
ing the  solutions  drawn  from  the  Roessler.  The  turbid  solution  goes 
to  the  copper  precipitating-tanks,  and  here  the  fine  precipitate  adheres 
to,  and  settles  with,  the  cement-copper,  and  is  not  lost. 

Dissolving. — A  charge  consists  of  16  cubic  feet  of  mother-solution 
from  the  crystallizing-vats,  the  necessary  sulphuric  acid,  and  300 
pounds  of  pulverized  roasted  matte.  After  determining  the  percent- 
age of  copper  in  the  matte  and  the  free  acid  in  the  mother-solution 
(by  titration  with  a  solution  of  sodium  carbonate),  sufficient  66°  B. 
acid  is  added  to  have  2  pounds  of  H^SO^  for  each  pound  of  copper 
contained  in  the  matte.  Steam  is  now  turned  on,  and  the  solution 
is  heated  to  boiling.  The  roasted  matte  is  then  slowly  charged  with 
a  hand-shovel,  the  solution  being  kept  in  constant  ebullition  by  the 
steam.  After  charging,  boiling  is  continued  for  two  hours.  Copper 
plates  are  suspended  in  ihe  solution  to  precipitate  silver  from  any 
silv^er  sulphate  not  decomposed  by  cuprous  oxide.  The  wear  of  these 
plates  is,  however,  very  slight.  Discharging  the  solution  is  effiscted 
by  removing  the  thumb-screw  below  the  rubber  plug,  and  punch- 
ing out  the  latter  with  a  wooden  rod  from  above.  A  lead  cylinder 
prevents  spattering  of  the  solution.  Silver  remaining  in  the  cone  is- 
washed  out  with  a  bucketful  of  hot  solution. 

In  starting  the  refinery  I  attempted  to  dissolve  the  roasted  matte 
without  previous  pulverizing.  The  roasted  matte  was  sifted  through 
a  screen  with  meshes  ^  inch  square;  the  lumps  not  passing  through* 
the  screen  being  returned  to  the  pulverizer  and  re-roasted  with  the 
raw  matte.  It  was,  however,  impossible  to  keep  such  coarse  material 
in  suspension  in  the  dissolving-tanks.  Hard  crusts  were  always- 
found  at  the  bottom  of  the  cone,  which  could  not  be  dissolved  even 
by  continued  boiling  with  fresh  acid,  and  had  to  be  removed  with 
iron  chisels.  With  matte  pulverized  through  a  No.  40  screen  the 
charge  is  always  well  dissolved  and  comes  out  perfectly  clean. 
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Filtering. — The  filter-tanks  are  kept  covered,  so  that  the  solution 
remains  hot.  The  Koerting  pump  below  the  filter  is  not  turned 
on  in  the  beginning,  but  only  after  nearly  all  the  solution  has  filtered 
through.  It  is  necessary  to  remove  the  concentrated  solution  below 
the  filter  to  prevent  crystallization  on  cooling.  By  rubber  hose  and 
lead-lined  troughs,  the  solution  is  conveyed  to  the  crystallizing-vats. 
It  takes  from  one  and  one- half  to  two  hours  to  filter  a  charge.  The 
solution  is  perfectly  clear  if  the  filter  is  intact.  A  defective  place 
is  easily  repaired  by  placing  a  piece  of  asbestos  cloth  over  the  rent 
after  raising  the  perforated  lead  plate.  The  concentration  of  the 
solutions  is  generally  from  42°  to  43°  B.  Solutions  of  much  higher 
concentration  do  not  filter  well. 

If  a  drop  of  hydrochloric  acid  is  added  to  the  hot  solution  a  copi- 
ous white  precipitate  appears,  which  dissolves  completely  upon  the  ad- 
dition of  an  excess  of  acid.  This  is  cuprous  chloride,  showing  the 
presence  of  cuprous  sulphate  in  the  solution.  In  cooling  the  cuprous 
sulphate  decomposes,  forming  cupric  sulphate  and  metallic  copper; 
and  the  cold  solution  does  not  give  a  precipitate  with  hydrochloric 
acid.  A  thin  coating  of  bright  red  metallic  copper  is  found  at  the 
bottom  of  the  crystallizing-vats  and  on  the  strips  of  lead  suspended 
in  the  vats  for  crystallizing  blue-stone. 

If  fine  blue-stone  crystals  are  mixed  with  the  metallic  copper  their 
color  becomes  almost  white,  red  and  blue  being  complementary 
colors.  One  might  assume,  from  appearances,  that  these  white  crusts 
contained  silver.  But  in  dissolving  them  a  bright  red  and  exceed- 
ingly fine  powder  of  metallic  copper  appears  on  the  bottom  of  the 
beaker. 

I  first  attempted  to  separate  the  solution  from  the  silver  by  settling 
and  decantation.  This  was  a  complete  failure.  A  portion  of  the 
silver  is  so  fine  that  it  requires  a  long  time  for  settling.  But  when 
time  was  given  the  solution  would  cool  down  so  much  that  it  com- 
menced to  crystallize. 

Washing  the  Silver. — After  six  charges  have  accumulated  in  a  fil- 
ter-tank, washing  is  commenced.  About  6  inches  of  water  are  run 
on  the  top  of  the  silver,  and  this  is  circulated  by  the  Koerting  pump 
until  the  solution  is  hot,  and  shows  no  change  in  specific  gravity. 
The  latter  is  generally  from  20°  to  22°  B.  Xow,  the  solution  is 
discharged  into  one  of  the  crystallizing-vats.  Washing  with  fresh 
water  is  continued,  and  the  wash-water  is  run  to  the  weak-solution 
tank  until  it  is  so  weak  that  it  shows  only  a  fraction  of  a  Baume 
degree.     At  this  point  the  wash-water  is  turned  into  a  tank  filled 
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with  scrap-iron,  outside  of  the  building.  Washing  is  suspended 
when  the  water  shows  only  a  very  faint  blue  color  upon  adding  a 
few  drops  of  ammonia. 

Pressing  the  Silver. — The  washed  silver  is  rather  too  moist  for 
convenient  pressing.  It  is  put  in  the  drier  and  left  there  until  most 
of  the  water  has  evaporated. 

The  cakes  from  the  press  weigh  from  7  to  9  pounds,  and  are  put 
back  in  the  drier,  and  then  melted. 

The  bars,  so  far  produced,  have  been,  on  an  average,  940  to  950 
fine;  but  I  expect  much  finer  silver  will  be  produced  in  the  future. 

Blue-Stone. — The  crystallization  of  the  blue-stone  is  very  rapid, 
and  is  hastened  by  suspending  48  strips  of  lead,  3  inches  wide  and 
20  inches  long,  in  each  vat.  Since  most  of  the  blue-stone  is  con- 
sumed in  the  mill,  a  showy  article  is  not  required,  and  small  crystals 
dissolve  much  better  than  large  ones  in  making  extra-solution. 

When  the  mother-solution  has  gone  down  to  about  30°  B.,  it  is 
used  in  the  dissolving-tanks.  The  comparatively  high  specific  grav- 
ity of  the  mother-solution  is  partly  caused  by  the  presence  of  about 
8  per  cent,  of  free  H2SO4. 

The  volume  of  the  solution  does  not  increase. 

After  prolonged  use  the  mother-solution  accumulates  iron  vitriol 
and  other  impurities.  When  this  is  the  case  it  is  pumped  to  the 
copper  precipitatiug-tanks. 

PrecipUation  of  Cement- Copper. — As  already  stated,  impure 
mother-solutions,  solutions  from  the  Roessler,  and  wash- water  from 
the  filter-tanks,  are  precipitated  with  scrap-iron.  After  a  number 
of  charges  have  been  put  through,  the  cement-copper  is  washed 
twice  with  water  before  making  a  clean-up.  The  fine  copper  below 
the  grates  is  drawn  into  a  filter-car  and  washed  there.  It  generally 
contains  more  or  less  silver  derived  from  the  turbid  Roessler  solu- 
tion.    All  cement-copper  goes  back  to  the  matting-furnace. 

Labor. — The  refinery  is  running  in  the  day-time  only,  and  era- 
ploys  two  men  and  a  boy.  One  man  attends  to  the  matting,  while 
the  other  man  does  the  dissolving.  When  roasting  commences, 
both  men  work  on  the  muffle-furnace.  The  boy  runs  the  pulverizer 
and  the  cake-press,  and  makes  himself  generally  useful. 

The  melting  of  the  silver  is  done  by  an  extra  man. 

Estimates  of  Cost. 
The  estimates  of  the  cost  of  refining  given  below  will  permit  us 
to  compare  its  commercial  economy  with  that  of  shipping  sulphides 
to  smelters. 
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"When  I  first  proposed  to  refine  the  sulphides  at  the  Marsac  mill, 
conditions  were  financially  much  more  favorable  for  the  process  than 
at  present.  At  that  time  the  price  of  silver  was  $1  per  ounce  and 
upwards.  Blue-stone  was  delivered  at  the  mill  for  7^-^  cents  per 
pound,  while  it  costs  uow  only  5  ^-^  cents  per  pound.  Formerly  four 
pounds  of  blue-stone  were  consumed  in  the  mill  per  ton  of  ore  for 
making  extra-solution,  while  now  only  three  pounds  are  required. 
The  failure  of  the  Roessler  converter  added  another  item  of  expense. 

Estimated  Monthly  Expenses  of  Refinery. 

Basis. — Output :  350  pounds  sulphides  per  day,  or  5 J  tons  per 
month. 

Value:  11,800  ounces  silver  i^er  ton,  25  per  cent,  copper. 

Total  silver  :  61,950  ounces. 

Total  copper :  2625  pounds. 

Consumption  of  sulphuric  acid  })er  pound  of  copper:  1.8  pounds. 

Production  of  blue-stone  from  one  pound  of  copper:  3.9  pounds. 

Total  blue-stone :  10,237  pounds. 


Labor. — One  man  at  $4,  one  man  at  $3.50,  one  man  for  4 
days  melting  bullion,  at  $3.50  ;  one  boy  at  $2, 

C'oaZ.— Fifteen  tons,  at  $4.00 

Acid. — 4725  pounds,  at  2.4  cents,    .... 
Coke,  crucibles,  etc.,  for  melting  bullion, 
Wear  and  tear. — Principally  matting-pot,    . 


er  month. 

$299  00 

60  00 

113  40 

15  00 

30  00 

$517  40 
Express  and  refining-cbarges  on  65,210  ounces  silver  950 

fine,  at  $14  per  1000  ounces 912  95 

Total  expenses, $1430  35 

Per  contra. 
Blue-stone  consumed  in  the  mill,  6300  lbs.,  at  5,7  cents,  .  $359  10 
Blue-stone  for  sale,  3937  pounds,  at  5  cents,      .       .       .  196  85 

$555  95 
Net  expenses  of  refinery,  per  month, $874  40 

With  blue-stone  at  7.4  cents  per  pound,  and  a  consumption  of  4 
pounds  per  ton  of  ore  in  the  mill,  the  profit  on  blue-stone  would 
have  been  $744.86,  and  the  net  expenses  of  the  refinery  per  month, 
$685.67. 
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Expenses  of  Shipping  Sulphides. 

Per  ton. 

Sacks, f=5  65 

Putting  up  sacks  for  shipment, 3  35 

Hauling  to  depot,  .        .        .         .    ' 1  00 

Freight  and  charges, 30  00 

Total  per  ton, $40  00 

Silver  deducted  by  smelter,  3  per  cent. 
Difference  in  assay,  0.75  per  cent.* 

On  a  production  of  61,950  ounces  of  silver  per  month,  the 
smelter's  deductions  are : 

2323  ounces,  at  87  cents, $2021  00 

Expenses  on  5}  tons,  at  $40, 210  00 

Total  expenses  of  shipping, $2231  00 

Net  expenses  of  refining, 874  40 

Margin  in  favor  of  refining,       ......     $1356  60 

Or  1560  ounces  at  87  cents,  which  is  2.52  per  cent,  on  the  silver 
in  the  sulphides. 

With  silver  at  $1  per  ounce,  and  blue-stone  at  7.4  cents  per 
pound,  and  a  consumption  of  4  pounds  of  blue-stone  per  ton  of  ore 
in  the  mill,  the  figures  would  have  been : 

Total  expenses  of  shipping, $2533  00 

Net  expenses  of  refining, 685  67 

Margin  in  favor  of  refining, $1847  33 

Or  1847  ounces  of  silver  at  $1,  which  is  2.98  per  cent,  on  the 
silver  in  the  sulphides. 

The  meaning  of  the  above  "  margin  "-figures  is  this :  The  re- 
finery must  lose  less  than  2.52  or  2.98  per  cent,  of  silver  respectively 
in  order  to  show  a  net  profit  as  compared  with  selling  sulphides  to 
smelters.  The  difference  between  the  actual  loss  of  the  refinery  in 
silver,  and  the  above  margin-figures,  represents  the  net  profit  or  loss 
of  the  refinery. 

*  Sulphides  have  been  sold  at  the  above  rates  to  the  Omaha  and  Grant  S.  Co.  A 
large  amount  of  ore  from  the  Ontario  and  Daly  mines  is  shipped  to  the  Omaha  and 
Grant  S.  Co.  from  Park  City,  and  the  sulphides  are  put  in  a  car  with  ore,  the 
smelters  taking  the  risk  and  paying  the  freight  at  ore-rates.  This  accounts  for  the 
low  figure  on  freight  and  charges. 
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The  gold  has  been  left  out  in  these  calculations  because  it  follows 
the  silver  closely,  and  does  not  influence  results  materially. 

The  Loss  of  Silver  in  Refining. — The  loss  of  silver  in  the  Marsac 
refinery  has  not  yet  been  accurately  determined.  Our  first  clean-up 
was  entirely  unreliable  on  account  of  a  comparatively  large  loss  of 
silver,  which  went  with  the  blue-stone  in  decanting  the  solutions 
after  dissolving.  This  took  place  before  the  filter-tanks  were  in  use. 
This  silver  was,  however,  completely  recovered  in  the  mill  in  pre- 
paring extra-solution,  in  which  finely  divided  metallic  silver  is  easily 
soluble.  Both  the  laboratory-tests  and  the  mill-results  proved  this 
conclusively. 

In  the  second  clean-up,  some  disturbing  elements  entered  into 
calculation,  and  estimates  had  to  be  substituted  for  actual  figures. 
A  new  matting-pot  was  used,  and  in  cleaning  up  a  considerable 
quantity  of  matte  naturally  remained  in  the  pot,  which  could  only 
have  been  obtained  by  taking  off  the  hood  and  cleaning  the  pot  with 
chisels.  Another  disturbance  was  caused  by  silver  remaining  on  the 
asbestos  filters,  newly  put  in.  A  considerable  quantity  of  silver 
must  be  left  on  these  filters,  because  scraping  them  clean  would  tear 
the  asbestos  fiber.  Of  course,  a  few  hundred  ounces  of  silver,  more 
or  less,  count  heavily  in  figuring  the  percentage  of  loss. 

But  the  loss  of  silver  cannot  be  large  under  proper  precautions. 
I  do  not  see  how  a  loss  can  occur  in  matting  and  roasting,  consider- 
ing that  all  the  dust,  and  the  gases  from  matting-pot  and  muffle- 
furnace,  pass  through  the  solution  in  the  Roessler.  All  products 
being  of  high  specific  gravity,  and  not  of  a  dusty  nature,  the  me- 
chanical loss  in  handling  must  be  trifling.  ISIost  of  this  is  recovered 
in  the  general  sweepings.  This,  I  believe,  will  be  established  by 
future  experience. 

The  melting  of  the  silver-cakes  is,  at  present,  done  in  crucibles  in 
a  somewhat  crude  manner.  The  resulting  slag  is  not  always  suffi- 
ciently liquid,  and  contains  about  700  ounces  of  silver  per  ton.  It 
would  be  much  better  and  cheaper  to  do  the  melting  in  a  small  re- 
verberatory  furnace,  as  introduced  by  the  writer  at  the  Lexington 
and  Ontario  mills.  In  that  case  the  silver  could  be  moistened  with 
a  concentrated  solution  of  borax  before  pressing  it  into  cakes.  This 
would  facilitate  rapid  fusion  of  the  silver,  and  prevent  silver-dust 
from  being  carried  out  of  the  furnace. 
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THE  SYSTEM  OF  FILLING  AT  THE  MINES  OF  THE  MIN- 
NESOTA IRON  COMPANY,  SOVDAN,  MINN. 

BY  D.    H.    BACON,    SOUDAN,    MINN. 

(Lake  Champlain,  Plattsburgh  Meeting,  June,  1S92.) 

The  iron- ore  deposits  worked  by  this  Company  occur  in  lenses 
200  to  1000  feet  long  and  5  to  80  feet  wide,  and  stand  at  an  angle 
of  from  65°  to  75°,  with  a  vertical  height  of  250  to  500  feet,  other 
lenses  occurring  below.  A  number  of  the  deposits  were  first  worked 
as  open  pits,  which  in  some  cases  were  carried  to  the  depth  of  150 
feet,  when,  owing  to  the  weakness  of  the  walls,  underground  raining 
was  adopted.  While  the  ore  was  being  removed  from  the  open  pit, 
shafts  were  in  several  instances  sunk  into  the  foot-wall,  the  intention 
being  to  mine  the  ore  with  breast-stopes  of  an  approximate  height 
of  20  feet,  followed  by  underhand-stopes  of  the  same  height,  leaving 
floors  between  of  the  necessary  thickness  to  support  the  walls,  or  to 
effect  the  removal  of  the  ore  by  means  of  what  is  known  as  the  stall 
system.  As  the  work  progressed,  however,  it  was  found  that  the 
walls  (which  are  of  chlorite)  were  too  weak  to  permit  the  working  of 
breast-stopes  20  feet  high,  there  being  frequent  heavy  falls  of  ground 
from  the  hanging  and,  in  some  instances,  from  the  foot.  The  plan 
of  following  breast-stopes  with  underhand-stopes  was,  therefore, 
abandoned.  By  working  breast-stopes  only,  but  little  more  than 
one-half  of  the  ore  could  be  removed,  and  th^it  only  at  an  excessive 
cost,  the  ore  being  so  hard  that  power-drills  with  3|-inch  pistons 
and  6-inch  stroke,  working  under  60  pounds  of  compressed  air,  are 
able  to  drill  but  8  feet  in  ten  hours  as  a  yearly  average,  while  from 
6  inches  to  2  feet  is  a  common  result  of  ten  hours'  drilling.  It  was 
plain  that  some  other  system  of  mining  must  be  adopted,  and  it  was 
proposed  to  sink  by  levels  of  75  feet,  carrying  in  the  cross-cuts  from 
the  shafts  and  working  out  the  ore  each  way  from  the  shaft  from 
foot  to  hanging,  and  from  15  to  20  feet  in  height.  When  this  has 
been  done,  drift-sets  consisting  of  caps  and  legs  are  set  up  the  whole 
length  of  the  opening  and  connected  with  the  cross-cut ;  the  neces- 
sary openings  for  ladder-ways  and  chutes  or  mills  are  timbered  from 
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the  floor  to  a  few  feet  above  the  top  of  the  drift-sets,  loose  rock  is 
run  in,  and  the  opening  is  filled  to  such  a  height  that  from  2  to  5 
feet  of  loose  rock  will  be  over  the  timber.  About  10  feet  of  the  roof 
is  then  blasted  down,  broken  up,  and  thrown  into  the  chutes,  from 
which  it  is  let  into  the  tram-cars  standing  in  the  drift.  As  the  stope 
is  extended,  filling  follows,  rock  being  let  in  and  the  chutes  and 
ladder- ways  cribbed  up  as  before.  It  has  been  the  practice  to  con- 
struct these  chutes  and  ladder- ways,  which  measure  5  feet  by  5  feet 
inside,  of  round  timber,  flattened  at  the  ends;  to  line  the  sides  of  the 
chutes  with  plank,  placed  vertically ;  and  to  cover  the  bottom  with 


^CHUTE     .^-O,  fe  CHUTE'    „,  ,  -. ,  „ 


LONGITUDINAL    SECTION 

Scale  =  80  feet  to  I'inch. 


short  pieces  of  rails.  Each  chute  is  also  provided  with  an  iron 
spout,  so  adjusted  that  it  may  be  raised  or  lowered,  for  running  ore 
into  cars.  It  was  thought  that  these  chutes  would  wear  out  before 
the  ore  in  the  roof  was  exhausted,  but,  should  this  occur,  a  ladder- 
way  can  be  converted  into  a  chute. 

The  rock  for  filling  is  obtained  by  putting  "raises,"  either  in  the 
foot  or  hanging  and  close  to  the  ore,  from  the  first  level  to  the  open 
pit,  from  the  second  level  to  the  first,  and  so  on.  The  raises  are 
cribbed  through  the  difi*erent  levels,  and  when  rock  is  wanted  at  one 
of  the  upper  levels  it  is  obtained  by  filling  the  raise  below  that  point 
Avith  rock,  or  by  inserting  timber  to  prevent  the  rock  descending 
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below  the  place  at  which  it  is  needed,  and  where  it  is  run  into  tram- 
cars.  This  system  has  been  in  use  for  two  years,  and  has  proved 
satisfactory.  In  the  winter,  when  the  superincumbent  rock  is  frozen, 
it  has  been  found  possible  to  remove  nearly  all  of  the  ore  in  the 
upper  levels,  and,  after  the  first  level  is  exhausted,  rock  is  taken  from 
it  for  those  below.  Rock  to  fill  the  first  level,  and  also  any  other 
levels  that  may  need  filling  before  the  first  level  is  exhausted,  is 
largely  supplied  from  the  accumulation  from  the  loose  sides  of  the 
open  pit,  and,  when  that  is  not  sufficient,  the  walls  of  the  open  pit 
are  blasted  in.  In  narrow  veins  the  needed  filling  is  sometimes  ob- 
tained by  breaking  down  the  walls  underground,  and  in  other  cases 


PLAN   OF  5th.  level, 

No.   8    SHAFT. 

Scale  =  80  feet  to  1  Inch. 

.Am. Bulk  Note  Co.N.X. 


piles  of  waste  rock  on  the  surface  have  been  utilized.  One  advan- 
tage of  this  method  is,  that  the  rock  broken  from  the  walls  in  blast- 
ing, or  that  coming  from  seams  in  the  ore,  is  left  almost  where  it 
falls,  causing  no  expense  for  tramming  or  hoisting,  and  often  none 
for  throwing  to  one  side. 

For  our  conditions,  this  system  would  seem  to  have  some  advan- 
tages over  that  being  followed  at  the  Kio  Tinto  mines,  as  described 
by  Mr.  Delprat,  at  the  Baltimore  meeting  {Trans.,  xxi.,  p.  89).  The 
expense  of  lowering  rock  is  avoided,  excellent  ventilation  is  secured, 
and  no  rock-drifts  or  cross-cuts,  except  the  one  communicating  with 
the  shaft  at  each  level,  are  required.  Experience  has  shown 
back-stoping  to  be  cheaper  than  underhand.  The  roof  is  always 
near  and  easily  examined,  and,  as  the  mills  are  seldom  over  50  feet 
apart,  the  trammers  can  work  at  a  pile  of  ore  from  either  side  and 
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not  delay  the  drillers,  or  stand  under  ground  that  has  not  yet  been 
made  safe. 

When  the  ore-body  is  very  wide,  it  has  occasionally  been  neces- 

Fifl.  4. 


CROSS  SECTION,  SHOWING  RAISE. 
Scale=80  feet  to  1  mch 


sary  to  leave  small  pillars  near  the  hanging;  but  this  loss  has  been 
slight.  "Slabs"  in  the  back  are  often  temporarily  supported  by 
cribs   of  chute-timber,  built  on   the  filling   and   wedged   tightly 
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Holes  are  then  bored  over  the  slabs,  the  cribs  are  removed,  and  the 
dangerous  rock  is  broken  down.  The  timber  is  used  to  support  other 
slabs,  or  to  extend  the  chutes  and  ladder-ways. 

In  each  shaft  is  the  usual  ladder- way ;  but  as  a  sure  means  of 
escape  in  case  of  fire  in  the  shaft,  raises  are  put  through  from  each 
level  to  the  next  above,  about  midway  between  the  ore-body  and 
the  shaft,  in  which  are  ladders  which  can  be  used  should  the  neces- 
sity arise. 

It  has  not  been  found  necessary  to  select  particularly  large  timbers 
for  drift-sets,  or  to  place  them  very  close  together,  80  feet  of  rock  on 
some  of  the  drifts  having  broken  none  of  the  timber. 


CROSSSECTION  THROUGH  CHUTES. 

Scale  =  7^  inch  to  the  foot 

The  accompanying  illustrations  will  make  the  system  plain. 

Fig.  1  is  a  longitudinal  section,  showing  the  progress  of  the  work 
on  three  levels.  Fig.  2  is  a  plan  of  one  of  these  levels,  near  its  con- 
nection with  the  inclined  working-shaft.  Fig.  3  is  a  vertical  cross- 
section  of  this  shaft,  through  the  cross-cuts  and  across  the  vein. 
Fig.  4  is  a  vertical  cross-section  showing  the  raise  on  the  foot- wall. 
Fig.  5  is  a  section  illustrating  the  construction  and  arrangement  of 
the  chutes. 


NOTE  ON  THE  USE  OF  A  MECHANICAL  STIRRER  FOR 
PROMOTING  CHEMICAL  ACTION. 

BY  EDWARD  K.    LANDIS,   POTTSTOWN,    PA. 

(Lake  Champlain,  Plattsburgh  Meeting.  June,  1892.) 

Our  Ti^ansaciions  contain  so  many  suggestions   of  apparently 
trivial,  yet  really  important,  contrivances  for  the  saving  of  time  and 
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labor  in  the  chemical  laboratory,  and  these  hints  have  been  so  often 
helpful  to  the  chemists  of  metallurgical  works,  who  are  specially  in- 
terested in  coml)ining  rapidity  with  accuracy  of  analytic  operations, 
that  no  apology  is  needed  for  the  present  note,  although,  as  will  be 
seen,  it  describes  not  even  an  original  device,  but  only  the  applica- 
tion, under  slightly  different  circumstances,  of  an  idea  already  made 
known. 

When  the  writer  took  charge  of  the  blast-furnace  laboratory  of 
the  Pottstown  Iron  (^o.,  in  September,  1891,  it  was  found  that  the 
usual  methods  of  determining  phosphorus  (Drown's,  Emmerton's, 
Shimer's)  did  not  give  good  results  on  pig-iron  so  high  in  phos- 
phorus as  was  there  made  (3.5  per  cent.),  probably  by  reason  of  the 
incomplete  oxidation  of  the  phosphorus  in  the  presence  of  so  much 
combined  carbon,  especially  as  the  samples  were  chilled. 

The  citric  acid  method  was  tried  with  satisfactory  results,  but 
took  too  long,  and  was  finally  modified  so  that  a  determination  could 
be  readily  completed  in  2  or  2J  hours,  while  allowing  other  work  to 
be  carried  on  in  the  meanwhile. 

Remembering  that  Dr.  Drown  had  mentioned,  many  years  ago, 
the  facility  with  which  precipitates  came  down  when  constantly 
stirred,  and  recalling  Mr.  Emmerton's  results  on  phospho-molybdate, 
I  conceived  that  the  precipitation  of  ammonio-magnesium  phosphate 
might  be  hastened  by  constant  agitation.  An  experiment  showed 
such  to  be  the  case.  On  shaking  a  portion  in  an  Erlenmeyer  flask 
for  an  hour,  it  was  found  to  agree  exactly  with  another  portion  pre- 
cipitated as  usual  and  allowed  to  stand  4  hours.  This  was  encour- 
aging; but  the  process  was  rather  fatiguing;  so  the  idea  of  a  me- 
chanical stirrer  presented  itself. 

In  looking  over  my  scrap-books,  I  came  upon  an  article  con- 
tributed by  Mr.  A.  A.  Blair,  a  member  of  the  Institute,  to  the  En- 
gineering  and  Mining  Journal  of  May  2,  1891,  on  "A  Stirring  Ma- 
chine for  Use  in  Determinations  of  Carbon  in  Steel."  Mr.  Blair's 
apparatus,  which  he  used  to  promote  the  formation  of  a  solution  of 
iron  in  copper-ammonium  chloride,  for  carbon-determinations,  is 
shown  in  the  accompanying  figure,* 

I  quote  Mr.  Blair's  description  of  this  simple  and  convenient 
apparatus  : 

It  consists  of  a  framework,  A,  of  brass,  cast  in  one  piece  for  the  sake  of  rigidity. 
It  is  fastened  to  the  table  by  lugs  and  screws  not  shown  in  the  cut.     The  shelf,  on 

*  Kindly  furnished  by  Mr.  R.  P.  Rothwell,  editor  of  the  Engineering  and  Mining 
Journal. 
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which  the  beakers  stand,  has  on  it  a  piece  of  asbestos  board  with  holes  to  fit  ex- 
actly the  bottoms  of  the  beakers,  to  prevent  them  from  moving.  To  further  in- 
crease the  stability  of  the  beakers  (which  should  be  of  very  heavy  glass)  their 
bottoms  are  ground  on  a  glass  plate  with  fine  emery  until  they  have  a  good  bearing 
surface  all  around. 

The  tops,  which  are  covered  when  on  the  machine  with  a  plate  of  glass,  F, 
ground  on  one  side  and  perforated  to  allow  the  passage  of  the  stirring-rods,  E,  are 
likewise  ground,  so  that  when  slightly  moistened  the  ground  glass  surfaces  pre- 
vent almost  entirely  all  movement  of  the  cover  on  the  beakers,  when  the  machine 
is  in  motion. 

The  small  wooden  pulleys,  C,  are  fitted  with  brass  spindles  which  run  through  the 
upper  cross-piece  and  have  on  their  lower  ends  pieces  of  rubber  tubing,  D,  which 
serve  to  hold  the  stirring-rods.  The  stirring-rods  are  bent  as  shown  in  the  cut  to 
give  the  proper  motion  to  the  liquid.  A  small  motor,  B,  adapted  to  the  strength  of 
the  current,  furnishes  the  requisite  power.  The  motor,  if  properly  wound,  may  be 
attached  to  an  ordinary  incandescent  lighting  current,  as  I  now  use  it,  but  a  sewing- 
machine  motor  run  by  a  dipping  battery  of  three  bichromate  cells  is  sufficient  to 
give  the  necessary  number  of  revolutions.  I  used  the  latter  arrangement  for  three 
years,  and  have  had  the  machine  in  constant  use  for  about  four  years,  during  which 
time  it  has  bten  perfectly  satisfactory  in  every  respect. 


Blair's  Mechanical  Stirrer. 


In  the  application  of  this  principle  it  is  evidently  not  essential 
(though  doubtless  highly  advantageous  in  continuous  practice)  to 
have  the  apparatus  so  carefully  made,  or  arranged  in  size  and  power 
to  operate  so  many  stirrers  at  once,  as  the  above  description  indicates. 
Nor  is  it  material  that  it  should  be  run  by  an  electric  motor,  though 
nothing  is  more  convenient,  provided  a  suitable  current  be  available. 
In  our  case,  electric  power  was  not  at  hand,  and  we  substituted  by  a 
happy  thought  the  water-power  furnished  by  an  ordinary  faucet. 
A  small  water-wheel  was  placed  in  the  laboratory-sink,  covered  with 
a  tin  shield,  to  prevent  splashing,  and  belted  to  an  arrangement  simi- 
lar to  Mr.  Blair's,  on  a  shelf  over  the  sink.     Since  many  laborato- 
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ries  unprovided  with  electric  power  have  plenty  of  flowing  water 
under  some  pressure,  this  device  may  be  very  generally  practicable. 
Without  attempting  to  fix  the  limits  of  its  practicable  employment, 
I  will  say  that  it  can  easily  be  applied  where  the  water-pressure  is 
equivalent  to  a  head  of  40  feet. 

It  was  found  upon  trial,  that  with  the  aid  of  the  stirrer,  the  pre- 
cipitation was  completed  in  half  an -hour.  As  this  permitted  the 
determination  of  phosphorus  in  a  total  period  of  2  to  2J  hours,  we 
rested  content  with  that  result,  and  have  never  attempted  to  fix  by 
further  experiment  the  minimum  time  required  for  precipitation. 

The  method  pursued  in  our  laboratory  for  determining  phospho- 
rus in  high-phosphorus  pig-irons  now  stands  as  follows : 

One  gramme  of  iron  is  dissolved  in  30  c.c.  of  HNO3  (Sp.  Gr.,  1.20) 
in  a  small  casserole,  covered  with  a  watch-glass,  .placed  over  a  Bun- 
sen  burner,  evaporated  to  dryness,  and  heated  about  10  minutes  after 
all  signs  of  liquid  have  disappeared.*  After  cooling,  it  is  taken  np 
with  HCl,  boiled  until  completely  dissolved,  cooled  and  diluted  to 
250  c.c,  50  c.c.  of  which  are  taken,  and,  after  the  addition  of  some 
sodium  acetate  and  NH^HO,  are  boiled,  filtered,  and  washed  twice 
with  hot  water.  While  this  is  being  done,  about  10  grammes  of 
citric  acid  are  placed  in  another  beaker,  with  ten  to  15  c.c.  of  water 
and  3  c.c.  of  HCl,  and  heated.  The  filtrate  is  removed  from  under 
the  iron  precipitate;  the  hot  citric  acid  solution  is  poured  into  the 
beaker  in  which  the  iron  precipitate  was  made;  after  washing,  an 
empty  beaker  is  placed  under  the  funnel,  and  the  citric  acid  solution 
is  poured  through  the  funnel  containing  the  iron  precipitate.  Solu- 
tion is  aided  by  stirring  with  a  glass  rod,  and  when  all  is  dissolved, 
washing  is  done  with  hot  HCl  and  water,  and  lastly  with  hot  water. 
The  solution  is  made  slightly  ammoniacal,  cooled  by  standing  in  cold 
water,  10  c.c.  of  magnesia  in  mixture  (equal  parts  of  saturated  solu- 
tions of  MgCla  and  NH^Cl,  with  enough  NH^HO  to  smell  slightly, 
mixed  and  filtered)  are  added,  then  enough  NH^HO  to  smell  very 
strongly,  and  the  whole  is  placed  under  the  stirrer  and  stirred  for 
half  an  hour;  then  filtered,  washed,  ignited  and  weighed. 

It  is  suggested  that  the  use  of  such  a  stirrer  would  greatly  facili- 
tate the  precipitation  of  magnesia  as  phosphate,  and  could  probably 
be  used  instead  of  shaking  in  Emmerton's  method.  It  has  been 
found  extremely  convenient  also  for  many  other  purpo.ses,  such  as 
making  starch  solution  for  sulphur  determinations  by  the  iodine 
method,  stirring  all  the  starch   into  solution  in  about   15   minutes. 

*  A  series  of  experiments  has  proved  that  in  the  low-silicon  iron  with  which  we 
have  to  deal,  it  is  not  necessary  to  use  HCl  in  order  to  render  SiO,  insoluble. 


308  COPPER    CRYSTALLIZATIONS. 

At  present  the  motor  is  running  a  small  fan  for  cooling  the  labora- 
tory. 

The  bent  glass-rod  stirrer  runs  at  a  speed  of  700  turns  per  minute 
and  causes  no  splashing. 


COPPEB  CBYSTALLIZATtONS  AT  THE  COPPER  GLANCE 
AND  POTOSI  MINE,  GRANT  COUNTY,  NEW  MEXICO. 

BY  CHARLES  H.    SNOW,   NEW  YORK  CITY. 

(Lake  Champlain,  Plattsburgh  Meeting,  June,  1892.) 

In  vol.  xxxviii.  (1889)  of  the  American  Journal  of  Science,  under 
the  heading  "  Pseudoniorphs  of  Native  Copper  after  Azurite  from 
Grant  County,  New  Mexico,"  Mr.  W.  S.  Yeates  describes  a  most 
interesting  mineral  form.  His  account  is,  that  a  material  having 
the  appearance  of  native  copper,  but  brittle  and  much  lighter  than 
native  copper  (its  specific  gravity  being  but  4.15),  was  submitted  to 
him  by  the  United  States  National  Museum  for  examination.  The 
substance  was  reported  to  him  as  occurring  in  masses,  varying  in 
weight  from  one  ounce  to  seventy  pounds,  and  composed  of  tabular 
crystals,  variously  grouped.  The  specimens,  when  submitted,  ex- 
hibited on  the  outside  a  covering  of  clay ;  and  they  were  subse- 
quently found  to  consist  of  particles  of  the  same  clay,  intimately 
mixed  with  others  of  native  copper,  producing  the  aspect,  without 
the  weight,  of  pure  copper.  The  forms  of  the  azurite  crystals,  found 
at  Bisbee,  Arizona,  having  been  suggested  by  the  specimens,  actual 
goniometer-measurements  were  made;  and  the  two  crystallizations 
were  thus  proved  to  be  identical. 

To  these  statements  I  may  be  permitted  to  add  some  further  in- 
formation, derived  from  personal  examination,  and  illustrated  with 
a  suite  of  characteristic  specimens  collected  by  myself  (Fig.  2).* 

Grant  County,  New  Mexico,  in  which  these  specimens  were  found, 
is  a  region  noted  for  variety  of  mineral  species.  The  sixth  edition 
of  Dana's  Mineralogy  mentions  many  of  the  silver,  copper,  and  lead 
minerals,  and  also  turquois,  aragonite,  wulfenite,  barite,  fluorite, 
vanadinite,  etc. 

I  have  noticed  also  green  and  red  garnet,  molybdenite,  native 
alum,  smithsonite,  bornite,  etc.,  some  of  which  presented  peculiar 
modes  of  occurrence.  The  green  garnet,  for  instance,  was  in  masses 
formed  of  separate  crystals,  each  of  pea-size  and  not  unlike  that 
vegetable  in  tint  and  smooth  opaqueness.     The  crystallization  was 

*  The  specimens  here  figured  were  exhibited  at  the  meeting. 


COPPER   CRYSTALLIZATIONS.  309 

such  that  the  garnets  seemed  to  have  been  fitted  into  each  othei  ; 
pressure  or  a  light  blow,  being  enough  to  convert  the  entire  mass 
into  a  heap  of  loose  crystals.  A  description  of  the  turquois  occur- 
rence was  given  by  the  writer  in  the  American  Journal  of  Science 
(vol.  xli.,  June,  1891). 

Of  the  numerous  copper-mines  and  "  prospects  "  scattered  over  the 
hills,  the  old  Santa  Rita  mine  and  the  Anson  S.,  are  the  best  known 
and  most  important.  Over  the  line,  in  adjacent  counties  in  Arizona, 
are  the  Bisbee  and  Clifton  mines. 

The  Santa  Rita,  a  large  property  which  was  worked  for  many 
years,  though  it  is  now  idle,  produced  chiefly  native  copper.  At 
the  Anson  S.,  native  copper  is  also  found,  with  a  large  mixture  of 
oxides  and  carbonates.  Shallow  prospecting-pits  almost  invariably 
show  carbonates,  copper  glance  or  cuprite,  with  little  or  no  native 
copper,  such  as  is  exposed  in  deeper  openings. 

The  Copper  Glance  and  Potosi  mine,  from  which  the  specimens 
here  illustrated  were  obtained,  is  in  the  Mimbres  district,  about  5 
miles  east  of  the  Santa  Rita,  and  between  Georgetown  and  Silver 
City,  the  nearest  point  affording  hotel  and  railway  accommodations. 

Two  claims,  so  adjoined  endwise  as  to  constitute  a  single  strip  of 
land,  having  the  width  of  one  claim  and  t,he  length  of  two,  compose 
the  property. 

Through  the  longitudinal  center  of  this  strip  there  is  an  eruptive 
dyke,  which  forms  the  hanging-wall  of  a  vein.  The  principal  and 
indeed  almost  the  only  work  of  development  on  the  property  is  a 
shaft  4  by  6  feet  in  size,  located  on  the  division-line  between  the 
two  claims.  This  had  been  sunk  to  about  100  feet  at  the  time  of 
my  visit,  but  no  drifting  had  been  done  on  the  line  of  the  vein. 
Another  shaft  had  been  commenced  east  of  the  center  of  the  prop- 
erty, showing,  for  the  short  distance  penetrated,  the  same  formation 
as  that  exposed  by  the  deeper  shaft.  The  formation  is  traceable 
also  for  some  distance  along  the  eruptive  dyke.  The  accompanying 
geological  sketch  (Fig.  1),  kindly  furnished  me  by  Mr.  W.  George 
Waring,  mining  engineer,  of  Silver  City,  gives  additional  data  as  to 
dips,  strikes,  etc. 

The  region  about  the  Copper  Glance  and  Potosi  claims  has  been 
greatly  disturbed  by  faulting  and  shifting;  but  the  probabilities  are 
in  favor  of  the  regularity  over  the  extent  of  this  property,  of  the 
conditions  shown  in  Fig.  1. 

The  vein,  so  far  as  exposed,  maintains  a  normal  width  of  from 
6  to  7  feet,  and  consists  of  a  gangue  of  smooth  hard  clay,  vari- 
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ably  colored  and  for  the  most  part  laminated.  Near  the  surface,  the 
ore,  like  that  of  many  other  copper-deposits,  consists  of  carbonate 
and  glance  in  separate  masses,  usually  without  definite  shape,  em- 
bedded in  the  clay.  But  at  the  depth  of  about  50  feet,  a  sudden 
and  complete  change  takes  place,  and  native  copper  occurs  in 
isolated  masses  similar  to  those  of  the  ores  above.  These  masses 
are  crystalline  and  coincide  in  all  respects  with  the  description  given 
by  Mr.  Yeates,  save  that  no  large  masses  were  observed  by  me,  but 
a  very  great  number  of  small  ones,  of  about  the  size  and  shape  of 
black-walnuts  or  rough  nutmegs.  Within  the  zone  occupied  by 
the  surface-ores  an  abundance  of  smooth  water-worn  quartz  pebbles 
was  found  mixed  with  the  clay,  usually  stained  to  the  same  color 
as  the  surrounding  clay.  These  were  absent  further  down,  but 
heavier  boulders  of  limestone  were  frequent. 

The  fact  that  these  boulders  are  often  partly  covered  by  a  shell  or 
cap  of  copper,  conforming  to  the  contours  of  the  parts  beneath  it, 
seems  to  point  to  the  introduction  or  deposition  of  the  copper  after 
the  clay  had  become  sufficiently  hard  to  support  the  boulders  at  the 
depth  they  had  previously  reached  in  sinking.  Save  for  these  stones 
and  the  copper,  the  vein-matter  was  singularly  free  from  foreign 
constituents. 

Throughout  the  clay,  the  copper  crystallizations  were  scattered  in 
a  manner  somewhat  resembling  the  mode  of  occurrence  of  garnets  in 
mica  schist  at  Redding,  Conn.,  and  elsewhere.  A  square  foot  of 
clay-surface  showed  from  1  to  20,  or  more,  entirely  separate  crystal- 
lized groups.  These  appear  as  small  nodules  or  lumps,  until  freed 
from  the  clay  which  has  been  pressed  between  the  crystals. 

When  the  vein-matter  has  been  loosened  with  a  pick  under  ground 
and  sent  to  the  dumps  above,  it  will  crumble  so  as  to  detach  the 
nodules.  The  work  of  cleansing  them  is  difficult,  requiring  much 
patience  because  of  the  hardness  of  the  clay  and  the  intricate,  though 
hard,  surface  of  the  specimens.  It  is  best  accomplished  by  means 
of  a  sharp  steel  point,  a  stiif  brush  and  water. 

So  far  as  observed,  the  masses  (save  those  of  the  carbonates  near 
the  surface)  are  invariably  crystalline,  each  presenting  one,  two,  or 
an  aggregation  of  many  plates.  Even  on  the  shells  covering  the 
limestone-boulders,  half-formed  bunches  of  the  plates  were  noted. 
The  dyke  itself  contains  copper  in  small  particles,  or  shot. 

These  facts  considered  together  with  the  relation  between  the 
underlying  shales  (Fig.  1)  and  the  character  of  the  gangue  at  the 
surface,  present  an  interesting  study. 

Accepting  Professor  Yeates's  measurements  of  the  crystals  as  un- 
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doubtedly  proving  the  native  copper  to  have  been  formed  from 
azurite,  it  seems  to  be  demonstrable,  from  facts  observed  in  this  and 
neighboring  mines,  that  a  solution  containing  copper,  which  was  very 
likely  derived  from  the  dyke  itself,  primarily  occupied  the  vein-space 
together  with  the  clay,  which  the  solution  assisted  in  rendering  soft 
and  plastic.  The  copper  seems  next  to  have  been  gathered  or  de- 
posited throughout  the  clay  as  azurite;  and  then,  through  some 
agency,  such  as  gases  from  below,  the  water  and  carbonic  acid  of  the 
azurite  were  expelled,  leaving  lumps  of  porous  native  copper  which 
retained  the  form  of  azurite.  The  still  soft  clay  was  now  pressed 
into  the  native-copper  sponge,  which  acquired  thereby  the  compact 
appearance,  but  not  the  weight,  of  metallic  copper,  while  retaining 
the  form  of  the  azurite  crystals. 

At  the  surface,  the  clay  yet  remaining  soft,  as  is  shown  by  the 
distribution  of  the  pebbles,  the  copper  was  recarbonated,  generally 
losing  the  crystalline  form,  and  more  or  less  soaking  or  spreading 
through  the  clay. 

That  the  same  filling  of  clay  extended  to  the  surface,  and  that  all 
the  copper  was  primarily  collected  and  deposited,  up  to  the  top,  in 
a  similar  manner,  is  shown  by  what  might  be  termed  the  secondary 
pseudomorphs,  noticed  in  the  carbonates  at  the  surface.  That  is  to 
say,  among  the  lumps  or  blotches  of  carbonates  occurring  throughout 
the  clay  at  the  surface,  occurs  malachite  formed  from  the  native 
copper,  and  still  retaining  the  shape  of  the  azurite  crystal.  And, 
to  complete  the  interesting  series,  the  same  form  occurs  yet  nearer 
the  surface,  in  masses  in  which  the  malachite  has  been  wholly  or  in 
part  replaced  with  clay — in  short,  pseudomorphs  of  clay  after  azu- 
rite, through  the  intervening  stages  of  malachite  and  native  copper. 

Azurite  crystals  occur  in  aggregations  or  balls  at  Bisbee  and  Mo- 
rcLci  in  Arizona,  the  Anson  S.  mine  in  New  Mexico,  and  at  Chessy 
in  France.  Native  copper  is  found  on  Lake  Superior  as  a  pseudo- 
morph  after  calcite,  and  is  known  to  occur  crystallized  after  arago- 
nite  at  Corocoro,  Bolivia. 

The  different  phenomena  described  above  are  exhibited  by  the 
specimens  illustrated  in  natural  size  by  Fig,  2.  Nos.  1  to  5  are  na- 
tive copper,  more  or  less  perfectly  cleaned  from  clay,  and  having  the 
color  of  the  metal.  No.  6  is  blue,  being  a  specimen  of  azurite  of 
the  same  form,  from  which  the  clay  has  been  partly  removed.  It 
is  from  Bisbee,  Arizona.  No.  7  is  a  nodule  of  clay,  containing 
copper  crystals  (such  as  1  to  5  were  before  cleaning).  No.  8  is  green 
malachite :  a  pseudomorph  after  forms  1  to  5.  No.  9  is  a  clay 
pseudomorph,  formed  from  the  malachite  pseudomorph. 
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A  MODERN'  PLANT  FOR  THE  PRECIPITATION  OF  GOLD 

FR OM  CIIL ORINE  S OL UTION  BY  S ULPHUR 0 US 

ACID  AND  HYDROGEN  SULPHIDE. 

BY  WERNER  LANGGUTH,   ISERLOHN,  WESTPHALIA,    GERMANY. 

(Lake  Champlain,  Plattsburgh  Meeting,  June,  1892.) 

The  modern  process  and  plant  for  the  precipitation  of  gold  from 
chlorine  solutions,  by  sulphurous  acid  gas  and  hydrogen  sulphide, 
differ  materially  from  the  older  methods  of  precipitating  with  sul- 
phate of  iron.  The  chemical  process  and  its  applicability,  as  carried 
out  in  the  Golden  Reward  chlorination-works  at  Deadwood,  S.  D.,' 
was  described  and  discussed  in  the  Engineering  and  Mining  Journal, 
of  New  York,  for  February  14,  and  March  21,  1891.  I  purpose 
to  give,  in  this  paper,  the  details  of  construction  from  a  general 
standpoint — the  particular  arrangement,  most  suitable  to  each  case, 
depending,  of  course,  upon  local  conditions.  The  accompanying 
sketch  shows  the  arrangement. 

The  plant  consists  of  a  wooden,  lead-lined  tank,  in  which  the 
chlorine  solution  is  precipitated;  apparatus  for  the  production  of 
the  precipitants,  sulphurous  acid  and  hydrogen  sulphide;  and  a 
pressure-tank  and  filter-press  for  the  collection  and  filtration  of  the 
precipitated  gold-sulphides.  These  parts  and  arrangements  are,  in 
general,  those  which  I  employed  in  the  Deadwood  chlorination- 
works,  and  which  have  proved  practically  successful,  more  than 
$100,000  worth  of  gold  having  been  already  precipitated  by  this 
method.  In  the  construction  of  the  generator  and  pressure-tank  I 
have  made,  however,  a  few  slight  changes. 

1.  The  Precipitating-Tank. 
The  exact  dimensions  of  this  tank  are  not  of  much  importance.  A 
horizontal  area  of  10  x  12  feet  and  a  height  of  12  feet,  holding  about 
7000  gallons  of  solution,  is  a  good  size.  As  the  amount  of  atten- 
tion and  care  required  to  precipitate  the  solution  in  a  precipitating- 
tank  is  independent  of  the  size  of  the  vessel,  there  is  economy  in 
tanks  of  large  capacity.  Square  tanks  are  more  advantageous  than 
round  ones,  because  they  need  less  floor-space,  and  at  the  same  time 
are  cheaper  in  construction.  These  tanks  are  made  of  common  2- 
inch  pine  boards  and  12  x  12-iuch   timber.     They  are  well-bolted, 
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the  iron  rods  being  thoroughly  protected  by  an  asphaltic  covering, 
and  the  lining  is  of  sheet-lead  weighing  about  3  pounds  per  square 
foot.  Such  lead-lined  square  tanks  are  far  better  and  more  durable, 
and  in  the  long  run  even  cheaper,  than  wooden  ones,  however  thor- 
oughly protected  with  tar  or  asphalt.  The  tank  is  covered  with 
tightly-joined  and  well-tarred  boards,  and  provided  with  a  manhole, 
A,  two  feet  square,  and  an  outlet  pipe,  B,  for  the  gases,  which  either 
opens  above  the  roof  or  is  connected  with  the  large  chimney  of  the 
works.  Four  inches  above  the  bottom  of  the  tank  is  the  outlet,  C, 
through  which  the  precipitated  solution,  after  the  settling  of  the 
gold  sulphides,  is  run  down  to  the  filter-press.  In  the  bottom  of  the 
tank  is  the  outlet,  D,  for  conducting  the  precipitated  gold  sulphides 
into  the  pressure-tank  on  clean-up  day.  It  is  a  short  lead-pipe,  con- 
nected with  a  rubber  hose  provided  with  a  cramp-screw  valve.  For 
safety,  it  is  always  advisable  to  keep  this  outlet  plugged  with  a  rub- 
ber stopper  from  the  inside  till  its  opening  is  wanted.  The  pipe 
introducing  the  sulphurous  acid  and  sulphide  of  hydrogen  gases  into 
the  solution  is  a  2-inch  lead-pipe.  It  goes  down  in  the  middle  of 
one  side  of  the  tank,  and  is  bent  across  the  middle  of  the  bottom  as 
shown  in  the  sketch.  Where  the  pipe  is  parallel  with  the  bottom 
it  is  perforated  on  both  sides,  and  is  fastened  and  supported  at  a 
height  of  4  inches.  This  lead-pipe  is  flanged  at  E  to  an  iron-pipe, 
which  is  connected  with  the  two  generators. 

2.  The  Generators. 

The  two  generators  which  I  have  designed  and  constructed  for  the 
production  of  sulphurous  acid  gas  and  sulphide  of  hydrogen  gas, 
are  very  similar  in  outside  appearance.  Both  are  made  of  boiler- 
iron  or  sheetrsteel,  and  have  a  cylindrical  shape,  as  shown  in  sketch. 
The  bottom  and  top  should  also  be  made  of  boiler-  or  sheet-steel, 
not  of  cast-iron.  The  generators  are  made  heavy  enough  to  be  safe 
for  a  pressure  of  150  pounds  to  the  square  inch.  They  have  an 
inner  diameter  of  4  feet,  and  a  height  of  2J  feet.  The  heads  of  both 
cylinders  are  put  on  with  bolts  and  a  gasket,  so  that  the  interior  be 
easy  of  access.  Besides  this,  both  heads  are  provided  with  man- 
holes. 

The  generator  for  sulphurous  acid  gas  need  not  be  either  lead- 
lined  or  asphalted.  Flanged  to  the  bottom  of  it  is  a  gas-pipe,  con- 
nected with  the  air-compresser  in  the  works.  The  head  of  the  gen- 
erator is  connected  with  an  iron  gas-pipe  which  leads  up  to  the  pre- 
cipitating tank,  where  it  is  flanged  to  the  lead-pipe  at  E.    Both  pipes 
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are  provided  with  cocks,  a  and  b  respectively.  In  the  middle  of 
the  generator  is  placed,  on  three  legs,  the  round  cast-iron  pan,  F,  in 
such  manner  as  to  leave,  from  bottom  and  sides  of  the  generator,  au 
equal  distance  of  2  inches.     This  pan  is  for  the  reception  of  the  sul- 


Sketch  showing  the  arrangement  of'a  Modern   Plant  for  the 
Precipitation  of  Gold  from  Chorine-Solution  by  SO2  &  HzS  Gas. 

phur,  and  is  about  4  inches  deep.  Suspended  over  it  is  a  cone- 
shaped  bottomless  dish  for  the  purpose  of  conducting  over  the  ig- 
nited sulphur,  for  a  better  oxidation,  the  compressed  air,  which  comes 
up  all  around  the  pan  as  soon  as  cock  a  is  opened. 

The  generator  for  the  production   of  hydrogen  sulphide  gas  is 
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completely  lead-lined.  It  has  on  one  side,  at  the  bottom,  an  outlet 
for  discharge,  and  on  the  head  two  pipe-connections, — one  with  the 
air-compressor  in  the  works,  and  one  with  the  lead  pipe  in  the  pre- 
cipitating-tank.  Both  are  supplied  with  cocks,  c  and  d  respectively. 
Two  inches  above  the  bottom  of  the  generators  is  fixed  a  perforated 
lead  sheet  H.  Below  the  generator  is  the  well-asphalted  wooden 
discharge-trough,  G,  into  which  the  generator  is  cleaned  out  after  it 
has  done  its  work.  The  generator  is  to  be  cleaned  after  it  has  been 
used,  each  time.  This  is  done  by  drawing  the  plug  from  the  dis- 
charge-pipe and  letting  the  solution  run  out  of  the  generator.  Then, 
after  dumping  a  few  bucketfuls  of  water  through  the  man-hole  and 
letting  it  pass  out  into  the  discharge-trough,  G,  again,  a  few  more 
pieces  of  iron-matte  are  charged  into  the  generator,  and  it  is  ready 
for  use  again.  It  is  always  good  to  keep  at  all  times  a  good  store 
of  matte  in  the  geuerator. 

3.  The  Pressure-Tank. 

Above  the  generator,  on  a  second  floor,  is  the  pressure-tank.  It 
is  in  general  constructed,  like  the  HjS  generator,  wholly  of  boiler- 
iron  or  sheet-steel,  and  cylindrical,  able  to  stand  a  pressure  of  150 
pounds  to  the  square  inch.  Its  inner  diameter  is  4  feet  and  its 
height  4J  feet.  It  is  supplied  at  the  bottom  with  a  discharge-pipe, 
I,  connected  with  the  filter-press,  and  at  the  top  with  a  gas-pipe,  K, 
connected  with  the  air-compressor  in  the  works.  Both  pipes  are 
supplied  with  cocks,  i  and  h  respectively.  L  is  the  man-hole.  The 
capacity  of  the  pressure-tank  is  calculated  to  receive  at  once  the  last 
remaining  4  inches  of  accumulated  gold  sulphides  in  the  tank- 
bottom  on  a  clean-up  day. 

4.  The  Filter-Press. 

I  have  used  filter-presses  of  various  kinds  for  such  work,  and 
have  found  Johnson's  square  filter-press,  with  24  distinct  chambers, 
from  1  to  2  inches  deep  and  2  to  3  feet  square,  most  worthy  to  be 
commended.  They  have  a  good  capacity,  and  are  easier  handled 
than  larger  ones.  They  are  to  be  well  coated  with  asphalt-varnish, 
which  should  be  occasionally  renewed.  The  same  is  true  for  all  iron 
pipes,  inside  and  outside,  which  come  in  contact  with  solution.  The 
covering  of  these  pipes  is  best  done  by  immersing  them,  for  some 
time,  dried  and  clean,  in  a  molten  bath  of  asphalt-varnish,  which 
insures  an  adhesive  and  firm  covering.  The  best  cocks  to  be  used 
in  connection  with  these   pipes  are  the   iron-body   plugs,  asbestos- 
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packed  cocks,  sold  by  Fairbanks  &  Co.,  New  York,  which  resist 
very  well  the  corroding  action  of  the  solution. 

5.  Chemicals. 

The  chemicals  needed  are  crude  sulphur,  iron-matte,  and  sulphuric 
acid.  Where  matte  cannot  be  bought  of  smelters  at  a  reasonable 
rate,  it  is  easily  produced  from  scrap-iron  and  sulphur.  I  always 
manufactured  for  myself  the  matte  needed  in  the  Deadwood  chlori- 
nation  works,  making  it  in  a  very  short  time  in  the  following  man- 
ner: A  good-sized  crucible,  say  No.  80  or  No.  100  Dixon's  plum- 
bago, is  wanted.  An  old  one  that  has  done  its  duty  as  a  bullion- 
smelting  crucible  will  stand  for  this  purpose  a  long  time.  A 
hole  is  made  in  the  bottom,  and  it  is  placed  on  the  grate  in  the  bul- 
lion-smeltiusr  furnace  in  such  a  manner  that  the  hole  in  the  bottom 
comes  between  two  grate-bars.  A  good  fire  is  now  built  in  the  fur- 
nace, and  scrap-iron  is  put  in  the  crucible,  which  is  covered,  and  the 
iron  is  brought  to  a  high  red  (much  better  white)  heat.  Sulphur  is 
now  added  in  lumps,  and  the  crucible  is  kept  covered  for  some  time 
after  each  small  charge.  If  the  heat  in  the  crucible  is  properly 
maintained,  the  iron  fuses  down  like  butter,  and  fresh  iron  and  sul- 
phur can  be  added  from  time  to  time.  The  matte  thus  formed  runs 
down  through  the  hole  of  the  crucible  into  the  ash-box,  and  may 
there  be  gathered  in  a  mould  of  some  description.  When  cooled,  it 
is  broken  into  pieces  from  a  walnut  to  an  orange  in  size,  and  is  then 
ready  for  the  generator.  If  one  is  somewhat  careful,  very  little  sul- 
phur gets  lost  by  volatilization,  and  one  may  get  from  56  pounds 
iron  and  32  pounds  sulphur  very  nearly  88  pounds  of  iron-matte. 

6.  Method  of  Operation. 

The  process  is  based,  in  the  main,  on  the  two  following  chemical 
reactions : 

First.  Sulphurous  acid  gas  destroys  free  chlorine  in  solution  while 
cold  (SO2  +  2C1  +  2H2O  =  H2SO,  +  2HC1),  forming  sulphuric 
acid  and  hydrochloric  acid. 

Second.  Gold  is  completely  precipitated  as  a  sulphide  from  the 
resulting  acid  solution  by  hydrogen  sulphide,  according  to  the 
following  formula : 

2AUCI3  -f  3H2S  =  AuoSa  -r  GIICl. 
The  precipitating  agent  SOj  is  produced  by  the  oxidation  of  sul- 
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phur  by  air  (S  +  20  =  SOo) ;  and  H2S  by  the  action  of  sulphuric 
acid  on  iron-matte  (H^SO,  +  FeS  =  FeSO,  +  H^S). 

The  mode  of  operation  in  the  mill  is  as  follows:  As  soon  as  the 
precipitating-tank  is  filled  to  within  a  foot  or  afoot  and  a  half  from 
the  top,  it  is  ready  for  precipitation.  Some  sulphur  (say  about  5  to 
10  pounds)  is  placed  through  the  man-hole  upon  the  pan  in  the  sul- 
phurous acid  generator.  The  exact  quantity  of  sulphur  necessary  to 
destroy  the  free  chlorine  in  a  tankful  of  gold  solution  is  to  be  found 
out  by  repeated  tests.  Care  should  be  taken  that  cocks  c  and  d  on 
the  H2S  generator  be  closed,  and  that  cock  b  be  open.  The  sulphur 
is  now  ignited,  and  cock  a  is  slightly  opened.  The  air  enters  the 
generator  from  below,  and  the  sulphur  commences  to  burn.  When 
one  is  sure  the  flame  will  not  extinguish  again,  the  man-hole  of  the 
generator  must  be  closed.  By  and  by  cock  a  is  opened  more,  and 
a  rapid  oxidation  of  the  sulphur  takes  place  in  the  generator,  which 
is  easily  perceptible  by  the  increasing  temperature.  The  sulphurous 
acid  now  ascends  through  the  pipes  into  the  precipitating-tank,  and, 
passing  through  the  numerous  small  holes  in  the  lead  pipe,  is  forced 
in  small  bubbles  through  the  solution.  The  reduction  of  free  chlo- 
rine now  takes  place  very  rapidly,  the  solution  changing  in  tint  from 
the  light  yellow  to  a  mere  watery  color.  By  the  time  the  sulphur  in 
the  generator  has  been  consumed,  the  solution  is  clear  as  water,  and 
free  chlorine  cannot  any  longer  be  perceived.  During  the  time  of 
reduction,  which  lasts  about  fifteeit  to  twenty  minutes,  a  white  fog 
ascends  from  the  solution  in  the  precipitating-tank,  produced  by  the 
action  of  sulphurous  acid  and  chlorine  gas  upon  each  other.  The 
compressed  air  is  now  shut  oflp;  that  is,  cock  a  is  closed.  The  man- 
hole is  opened,  and  the  generator  is  now  ready  to  be  charged  afresh 
for  the  next  tankful  of  gold  solution.  The  free  chlorine  being:  de- 
stroyed, the  precipitation  of  the  gold  commences.  Cock  d  is  opened, 
cocks  a,  b,  and  c  being  closed ;  and  to  the  generator,  previously 
charged  with  iron-matte  and  two  buckets  of  water,  is  slowly  added 
a  quantity  (say  a  bucketful)  of  sulphuric  acid.  The  man-hole  now 
is  closed  quickly,  and  the  generation  of  sulphide  of  hydrogen  gas 
commences.  To  produce  a  better  motion  of  the  solution  in  the  tank,, 
cock  c  is  opened  slowly,  and  compressed  air  is  admitted  withi  the 
HoS  into  the  precipitating-tank.  It  takes  less  than  an  hour  to  pre- 
cipitate the  tankful  of  gold  solution.  The  precise  amount  of  sul- 
phuric acid  to  be  charged  into  the  generator  for  the  production  of 
HjS,  which  is  necessary  to  precipitate  a  tankful  of  gold  solution,  is 
known  closely  enough  after  a  few  precipitations,     A  small  surplus 
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will  never  do  any  harm.  It  is,  of  course,  necessary  to  test  the  solu- 
tion very  carefully  after  each  precipitation,  to  be  sure  that  all  the 
gold  has  been  thrown  down. 

The  gold  precipitated  in  this  manner  is  in  a  collected,  voluminous, 
and  flocculent  form,  and  settles  quickly.  Usually,  after  two  hours' 
settling,  the  heaviest  of  the  precipitate  has  settled,  and  the  solution 
is  drawn  off,  from  4  inches  above  the  tank-bottom,  through  the  filter- 
press,  which  is  provided  with  a  set  of  heavy  canton-flannel  filter- 
cloths.  Cocks  c  and /are  open;  h  and  y  are  closed.  This  process 
of  decantation  and  filtration  takes  usually  from  three  to  four  hours; 
three  hours  when  the  cloth  in  the  filter-press  is  new,  four  when 
already  a  considerable  amount  of  gold  sulphides  has  been  collected 
on  the  filter-cloth.  The  precipitating-tanks,  in  this  case,  are  placed 
so  as  to  give  about  25  feet  head  above  the  presses.  When  the  solu- 
tion has  run  down,  cocks  e  and  /  are  closed,  the  tank  is  filled  with 
gold  solution  again,  and  precipitation  begins  anew. 

The  gold-sulphide  precipitates  of  half  a  month  or  a  whole  month 
are  thus  collected  in  the  tank-bottom.  Only  the  very  small  amount 
of  gold-sulphides  remaining  suspended  in  the  liquid  after  two  hours' 
settling  are  run  down  and  caught  in  the  filter-press  each  time. 

If  a  clean-up  is  to  be  made,  the  4  inches  of  gold  sulphides  remain- 
ing in  the  tank-bottom  are  swept,  with  the  assistance  of  a  small  broom 
and  a  few  buckets  of  water,  through  the  rubber  hose,  K,  into  the  pres- 
sure-tank below.  The  pressure-tank  is  chosen  of  such  size  that  the 
whole  amount  of  gold  sulphides  may  be  swept  into  it  at  once.  The 
man-hole  is  then  closed,  and  compressed  air  is  slowly  turned  on 
through  cock  i,  care  being  taken  that  /  and  g  are  closed  and  h  is 
open.  If  the  filter-press  is  filled  with  sulphides,  cock  h  is  to  be 
closed,  and  compressed  air  turned  on  for  one  hour  through  g  to  dry 
the  mass  of  sulphides  into  hard  cakes,  which  are  easily  handled  and 
removed.  The  press  is  now  provided  with  new  filter  cloth,  and  the 
remaining  sulphides  drawn  down  and  collected  in  the  manner  already 
described.  The  precipitate  obtained  consists  mainly  of  gold  sul- 
phides, but  some  impurities,  such  as  free  sulphur,  arsenic  and  anti- 
mony sulphides,  copper  sulphides,  silver  sulpiiides,  etc.,  are  invaria- 
bly present  in  small  amounts.  In  the  chlorination  works  at  Dead- 
wood,  I  roasted  these  sulphides  in  a  muffle-furnace,  and  melted 
them  into  bullion  by  mixing  them  with  nitre  and  borax.  The  re- 
sulting bullion  was  always  900  to  950  fine  in  gold.  There  are,  how- 
ever, other  methods  of  refining,  the  critical  description  of  which  may 
be  given  at  some  future  time. 
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HIGH-PRESSURE  HYDRAULIC  PRESSES  IN  IRON-WORKS. 

BY  R.    M.    DAELEN,    DUESSELDORF,    GERMANY. 

(Baltimore  Meeting,  February,  1892.    Presented  also  at  the  meeting  of  the  Verein  deuischer 
MsmhiiUenlmie,  Dusseldorf,  January  31, 1892.) 

Mechanical  science  is  severely  tested  by  tlie  demands  of  the 
iron  manufacture  for  the  varied  apparatus  needed  to  transport  and  to 
treat  raw  materials  and  products.  Water  has  long  been  a  favorite 
means  of  transmitting  pressure  for  such  purposes,  because  of  its  own 
incompressibility.  Further  advances  in  its  use  are  the  more  to  be 
expected,  since  mechanical  improvements  have  steadily  tended  to 
overcome  the  difficulties  formerly  encountered  in  the  employment  of 
great  hydraulic  pressures.  So  long  as  the  pressure  is  not  higher  than 
that  which  requires  for  plungers,  etc.,  only  ordinary  stuffing-boxes, 
with  hemp  or  other  similar  packing,  the  necessary  arrangements  for 
the  production  and  transmission  of  the  water-pressure  without  leak- 
age are  very  simple.  But  when  this  limit  (which  is,  for  most  pur- 
poses, 50  kilos  to  the  square  centimeter)  is  exceeded,  new  conditions 
of  construction  arise,  which  are  met  in  various  ways,  and  which  jus- 
tify a  primary  division  of  hydraulic  presses  into  low-pressure  and 
high-pressure  respectively.  The  former  are  used  in  lifting  and 
moving  weights,  and  employ  pressures  as  high  (in  extreme  cases)  as 
100  kilos  per  square  centimeter;  but  at  this  point  the  friction  between 
piston  and  hemp-packing  is  so  great  that  the  use  of  cup-leathers  is 
already  preferable.  Beyond  100  kilos  it  becomes  a  necessity.  The 
range  of  practicable  tight  packing  which  follows  is  considerable,  ex- 
tending to  about  1000  kilos;  but  "high  pressure"  in  practice  is 
from  100  to  600  kilos,  and  it  is  to  this  that  the  present  paper 
applies. 

General  Classes  and  Types. 

Hydraulic  transmission  at  high  pressure  usually  claims  considera- 
tion in  case  the  solid  mechanism,  such  as  levers,  cams,  screws,. and 
gear-wheels,  would  have  to  be  too  large,  would  involve  too  much, 
friction,  or  could  not  be  suitably  adapted  to  the  speed-requirements 
of  the  working-tools.     Since  steam  is  mostly  the  primary  carrier  of 
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the  energy  employed,  the  pressure-pumps  operated  by  steam  are  first 
to  be  considered;  and  we  naturally  think  at  once  of  the  steam-engine 
with  fly-wheel;  since  this  is  best  adapted  to  utilize  the  capacity  of 
expansion. 

The  pressure-pump,  operated  by  such  an  engine  through  the  pro- 
longation of  the  piston-rod,  and  constituting  a  so-called  "  central 
station,"  is,  in  fact,  the  favorite  low-pressure  hydraulic  system.  But 
for  high  pressures  this  system  involves  in  accumulation,  distribution 
to  points  of  use,  and  control  at  those  points  of  the  high-pressure 
column,  serious  difficulties,  which  are  especially  felt  in  the  almost 
ceaselessly  continuous  operations  of  iron-works.  The  v,'eighted 
plungers,  which  formerly  served  in  most  cases  as  accumulators,  cause 
violent  shocks  in  the  pipe-line  when  changes  take  place  in  the  move- 
ment of  the  water,  so  that  iu  many  places,  in  order  to  avoid  bursting 
from  this  cause,  the  pipes  are  made  exclusively  of  forged  and  bored 
steel.  The  seats  and  cones  of  the  metallic  valves  are  cut  by  the 
water  (at  high  speed),  and  in  such  cases  only  the  most  careful  main- 
tenance can  prevent  great  losses  of  power.  In  consequence  of  these 
difficulties,  various  other  arrangements  for  high-pressure  work  have 
come  into  existence,  so  that  the  following  systems  may  be  described 
as  essentially  distinct: 

1.  Steam-pump,  with  fly-wheel  and  accumulator. 

2.  Steam-pump,  without  fly-wheel  and  with  accumulator. 

3.  Steam-pump,  without  fly-wheel  and  without  accumulator. 

In  these  three  systems,  the  valve-motion  of  the  working-press  is 
operated  in  the  high-pressure  column.  This  is  avoided  in  the  fol- 
lowing : 

4.  Single-acting  steam-intensifier,  without  accumulator. 

5.  Steam-pump  with  fly-wheel,  without  accumulator,  and  with 
pipe-circuit. 

6.  Steam-pump  with  fly-wheel,  without  accumulator  and  without 
pipe-circuit. 

The  accompanying  drawings  illustrate  a  number  of  types  charac- 
teristic of  this  classification  : 

Fig.  1  is  a  diagram  of  the  steam-pump  with  fly-wheel,  ordinarily 
used  for  the  production  of  high  pressure.  It  has  a  differential  piston, 
which  sucks  on  one  side  and  presses  on  both.  A  is  the  steam-cyl- 
inder; B,  the  piston  for  suction  and  pressure;  C  D,  the  pressure-pis- 
ton. The  valve-motion  is  taken  from  the  piston-rod.  Various 
combinations  of  two  such  pumps  increase  the  uniformity  of  delivery. 
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1,  Steam-Pump,  with  Fly -Wheel  and  Accumulator . 

The  steam-pump  with  fly-wheel  cannot  be  used  without  an 
accumulator,  because  it  cannot  accommodate  itself  to  the  varying  de- 
mand of  the  hydraulic  plunger  for  water.  The  accumulator  is 
usually  made  as  large  as  practicable,  so  that  the  intervals  of  rest  of 
the  press  can  be  utilized  to  keep  up  the  pressure ;  and  the  dimensions 
of  the  pump  may,  therefore,  be  comparatively  small.  Moreover, 
one  pump  may  have  several  accumulators,  of  which  the  one  nearest 
the  pump  automatically  shuts  off  when  all  are  filled,  and  opens  when 
pressing  begins.  To  reduce  the  number  of  valves,  the  differential 
pump-piston  is  employed.  It  has  been  found  that  the  cylinder,  also, 
should  be  of  forged  steel  when  the  pressure  amounts  to  300  to  600 
kilos  per  square  cm.     The  piston-speed  is  usually  kept  between  1 


and  1.5  meters  per  second.  It  could  be  greater  for  the  steam;  but 
this  is  avoided,  because  it  would  require  the  introduction  of  gear- 
wheels, and  the  double  transition  from  rectilinear  to  rotary  motion 
and  back  againi 

2.  Steam- Pump  without  Fly -Wheel  and  with  Accumulator. 

By  removing  the  fly-wheel  from  Fig.  1,  we  obtain  the  second 
system,  which  may  be  operated  with  a  smaller  accumulator,  because 
the  machine  is  better  adapted  to  adjust  itself  to  the  demand  for  water 
when  the  inlet-valves  of  the  presses  are  opened.  Size  and  speed  of  the 
pump  are  made  correspondingly  greater.  Installation  is  cheaper, 
but  consumption  of  steam  (by  reason  of  the  smaller  use  of  expansion) 
larger,  than  for  No.  1. 

3.  Steam-Pump  without  Fly-  Wheel  and  without  Accumulator. 

A  steam-pump,  suited  for  use,  without  fly-wheel  or  accumu- 
lator (in  which  manner,  by  the  way.  No.  2  also  can  be  employed)  is 
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one  in  which  uniform  water-delivery  is  secured  by  a  triple  division 
of  its  pumping-part.  The  steam  piston-rod  operates  by  means  of 
a  crank  and  a  three-throw  crank-shaft,  three  water-plungers.  Fig. 
2,  a  cross-section  through  this  shaft,  sufficiently  explains  the  arrange- 
ment.* 


Cross-Section  through  Three-Throw  Crank-Shaft. 

The  dimensions  must  be  adequate  to  the  maximum  demand  for 
water;  the  steam  consumption  is  correspondingly  increased;  and, 
since  the  pressure  in  the  conducting-pipes  must  be  kept  constantly 
high,  the  loss  by  any  leakage  would  be  the  same  in  this  case  as  in 
Nos.  1  and  2.     But  the  installation  is  simpler  and  cheaper. 

4.  Single- Acting  Steam- Intensifier,  without  Accumulator. 

The  single-acting  steam-intensifier  (Fig.  3)  has  a  vertical  steam- 
cylinder,  A,  the  piston  of  which  is  forced  upward  by  steam  entering 
below,  while  the  prolonged  piston-rod,  B,  presses  upon  the  water  in  the 
cylinder,  C,  in  inverse  proportion  to  the  surfaces  of  the  two  pistons. 
The  water  is  conveyed  through  a  pipe  to  the  working-cylinder,  D,  of 
the  press,  where  it  effects  the  necessary  stroke  of  the  hydraulic 
plunger  through  a  distance  reduced  in  proportion  to  the  increased 
area.  The  admission  and  cut-off  of  steam  are  regulated  by  hand, 
or  (if  desired)  automatically.  In  the  water-column  is  an  automatic 
valve,  regulating  the  velocity  of  the  plungers;  and  there  is  a  similar 
valve,  h,  admitting  water  to  replace  that  which  has  been  used.  Both 
of  these  are  closed  before  the  high  pressure  is  put  on.  The  water  al- 
ready iised  returns  from  the  working-cylinder,  D,  to  the  driving-cyl- 
inder, C.     In  the  use  of  this  system,  not  only  the  accumulator,  but 


*  Other  sections  of  this  triple  piiinp  are  shown  in  Stahl  und  Eisen,  February  15, 
1892,  p.  156. 
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also  the  long-pipe  circuit,  is  dispensed  with,  since  every  press  gen- 
erally has  its  own  intensifier,  the  distribution  of  steam  available  for 
such  purposes  being  already  provided  in  most  works.  This  trans- 
formation of  steam-pressure  into  water-pressure  can  be  carried  to  an 
almost  unlimited  extent;  but,  in  order  to  keep  the  friction  on  the 
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Single-Acting  Steam-Intensifier. 


cup-leathers  as  low  as  practicable,  a  water-pressure  of  400  kilos  per 
square  cm.  is  not  exceeded,  unless  of  necessity.  It  is  advantageous 
to  make  the  stroke  of  the  intensifier  as  long  as  possible ;  but  this  is 
often  limited  by  the  available  space.  Since  stroke  and  pressure  of 
the  hydraulic-plunger  are  usually  given,  the  transformation  is  ar- 
ranged with  reference  to  the  available  steam-pressure.  The  short 
connection  between  the  driving-  and  the  working-cylinder,  and  the 
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absence  of  valves  to  be  operated  between  them,  permit  a  high  plunger- 
speed,  the  limit  of  which,  perhaps,  has  not  been  reached,  even  at  3 
meters  per  second.  The  greater  this  speed,  the  earlier  can  steam  be 
cut  off  during  the  stroke,  and  the  more  completely  can  expansion  be 
utilized — to  much  greater  degree,  in  fact,  than  with  a  steam-pump 
without  accumulator,  having  a  precisely-fixed  stroke  and  load.  If 
the  driving-piston  is  to  be  stopped  at  a  definite  point,  a  moderate 
speed  is  chosen ;  and,  in  general,  the  intensifier  should  be  (and,  within 
wide  limits  can  be)  adjusted  to  any  requirement  of  the  press.     It  can 


Intensifier,  Operating  Two  Plungers. 


also  be  arranged  to  operate  with  one  double-working  cylinder,  or 
with  two  connected  cylinders,  so  as  to  increase  its  performance  for  a 
given  time;  but  the  arrangement  of  water-valves  is,  in  that  case, 
more  complicated. 

Fig.  4  shows  an  arrangement  of  the  intensifier  by  which  a  single 
steam-piston  A,  operating  two  or  more  parallel  driving-plungers, 
B,  Bi,  having  the  connections,  q^  q^  with  the  corresponding  working- 
cylinders,  C,  Cj,  effects  a  uniform  parallel  movement  of  the  working- 
plungers. 

The  working-plunger  may  be  controlled,  independently  of  the  in- 
tensifier, by  a  special  steam-piston,  accompanied  with  the  admission 
or  expulsion  of  water,  or  by  the  discharge  of  low-pressure  water  into 
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the  press-cylinder.  Protection  against  breakage  of  the  press  is 
secured  in  this  system  to  the  greatest  practicable  extent,  since 
the  working-pressure  is  constantly  determined  by  the  steam  pres- 
sure. 


LU  ILl 


s=k: 


5.  Steam-Pump  with  Fly-  Wheel,  without  Accumulator,  and  with 
Pipe-  Circuit. 

The  steam-pump  (Fig.  5),  with  fly-wheel  and  without  accumu- 
lator, as  used  by  W.  D.  Allen,  of  Sheffield,  for  hydraulic*  forging,* 
operates  similarly  to  the  intensifier,  in  that  the  pump-cylinder  and 
press-cylinder  are  connected  by  short  pipes  without  valves,  and  hence 


*  More  fully  illustrated  and  explained  in  Stahl  und  Eisen,  1891,  No.  11,  p.  895. 
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the  working-plunger  follows  on  its  back -stroke  the  movement  of  the 
driving-piston.  The  fly-wheel  prevents  any  control  of  this  motion 
by  hand,  and  only  the  press-plunger  can  be  controlled  by  the  admis- 
sion or  discharge  of  low-pressure  water  into  the  press-cylinder.  This 
is  an  attempt  to  combine  the  advantages  of  the  intensifier  with  those 
of  the  fly-wheel.  Apart  from  the  higher  cost  of  the  plant,  the  neces- 
sary space  is  not  always  available ;  and,  moreover,  some  of  the  saving 
in  steam  is  lost  again  through  the  unused  portion  of  the  stroke  of  the 
fly-wheel  engine.  Piston-speed  and  number  of  strokes  are  limited 
by  the  rate  of  flow  in  the  pipes;  and  since,  therefore,  they  cannot  be 
made  very  great,  the  dimensions  of  the  machine  must  be  enlarged ; 
which  constitutes  another  condition  limiting  the  application  of  this 
system. 

6.  Steam- Pump,  with  Fly -Wheel,  xoithoui  Accumulator,  and  without 

Pipe- Circuit. 

This  is  not  the  case  to  so  great  a  degree  with  the  horizontal 
forging-press,  patented  by  the  writer,  and  illustrated  in  Figs.  6  to  9 
inclusive.  Here  the  driving-piston  moves  in  the  press-cylinder,  con- 
nections are  dispensed  with,  and  the  press-plunger,  even  when  strokes 
are  frequent,  must  keep  the  pace.  Each  advance  of  this  plunger 
can  thus  be  made  correspondingly  small, — a  clear  advantage,  in  con- 
nection with  the  use  of  low-pressure  water,  to  utilize  the  full  stroke. 
In  this  system,  the  driving-engine  may  be  far  from  the  press,  but  the 
position  of  the  press-cylinder  must  be  such  as  to  permit  a  direct  con- 
nection with  the  driving-piston  and  with  the  crank-shaft  necessary 
to  its  operation.  On  the  other  hand,  these  features  remove  the  evils 
due  to  shocks  in  the  conducting-pipes.  Over-passing  the  maximum 
of  safe  water-pressure  is  prevented  by  a  safety-valve. 

In  designing  this  press,  I  acted  upon  the  opinion  that  the  form 
adopted  ofl^ers  increased  accessibility  of  the  whole  machine  for  hand- 
ling blooms,  changing  hammers,  dies,  etc.,  or  for  inspection  and  re- 
pairs, while  it  is  also  the  cheapest  in  first  cost. 

A  is  a  double  crank-shaft  with  fly-wheel,  driven  by  a  steam- 
engine;  B,  a  connecting-rod,  transmitting  motion  to  the  small 
plunger,  C,  which,  entering  the  large  press-cylinder,  D,  moves  forward 
the  press-plunger,  E.  The  latter  carries  the  hammer,  F,  opposite  to 
which  is  fixed  the  anvil,  G.  The  mass  to  be  forged,  H,  is  suspended 
between  them  by  chains  from  the  crane-roller,  J.  The  frame-plates, 
K,  of  rolled  steel,  are  fastened  to  the  base-plates,  L,  and  carry  the 
cylinder,  D,  and  the  anvil,  G.    The  small  plunger,  N,  moving  in  the 
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cylinder,  Ti,  is  operated  with  low-pressure  water  by  means  of  a  hand- 
lever,  and  drives  the  press-plunger,  E,  the  back-action  valve,  O,  being 
lifted,  when  E  is  to  retire,  and  allowed  to  fall  freely  when  E  is  to 
be  driven  forward.  P  and  Q  are  the  inlet  and  outlet  for  the  low- 
pressure  water.  The  large  press-cylinder,  D,  is  filled  with  water  from 
an  elevated  tank.  R,  R,  are  rollers,  mounted  on  lifting-tables  to 
facilitate  the  handling  of  the  forging.  The  dies  are  changed  with  the 
aid  of  the  forge-cranes. 

Special  Forms. 

The  field  of  application  for  the  systems  of  producing  water-pres- 
sure increases  with  experience,  and  with  the  improvements  devised 
to  overcome  the  difficulties  encountered  in  practice.  Consequently, 
local  conditions  are  becoming  more  and  more  decisive  in  the  choice 
of  a  suitable  system. 

The  Pneumatic  Accumulator. — The  reasons  for  avoiding  the  use  of 
the  accumulator  are  partly  removed  by  the  patent  pneumatic  hy- 
draulic accumulator  of  Prott  and  Seelhoff,*  which  successfully  sub- 
stitutes air-pressure  for  a  constant  weight,  so  that,  in  rapid  changes 
of  the  water-speed,  the  effect  of  the  momentum  of  a  weight,  increas- 
ing seriously  the  resultant  shocks,  is  eliminated. 

Fig.  10  shows  one  form  of  this  accumulator.  It  consists  essen- 
tially of  an  air-cylinder,  A,  with  plunger,  a,  and  a  water-cylinder,  B, 
with  plunger,  6,  having  (for  instance)  one-tenth  the  area  of  a.  Hence, 
if  the  pressure  in  A  be  50  atm.,  and  water  is  forced  through  e  into 
B  so  as  to  raise  a  and  h,  the  pressure  in  B  will  be  500  atra.  When 
water  is  forced  into  B,  the  air  in  A  will  be  compressed ;  when  water 
is  taken  out  of  B,  the  air  in  A  will  expand  and  drive  the  plunger 
down, — but  without  shock,  even  if  the  speed  be  high.  F,  F,  are 
auxiliary  air-receivers,  of  which  there  may  be  any  desired  number 
(the  large  accumulator  at  Bochum  has  six),  and  which  may  be  cut 
off  or  connected  by  valves,  as  at  /,  as  required  to  increase  the  air- 
space, and  diminish  proportionally  the  range  of  pressure  in  A,  and 
the  consequent  intensity  of  the  pneumatic  reaction.  The  cast-steel 
plunger,  a,  is  made  hollow  to  give  additional  air-space.  The  amount 
of  air  is  constant,  except  for  loss  by  leakage.  To  prevent  this,  a 
liquid  (preferably  oil)  is  introduced  above  a  (as  shown  in  the  figure 
opposite  the  oil-gauge,  g),  and  is  allowed  to  penetrate  also  into  the 
small  annular  space  between  the  walls  of  the  plunger,  a,  and  a  water- 

*  See  Sum  und  Eisen,  1891,  No.  2,  p.  132. 
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tight  lining  h,  of  wrought-iron  plate.  The  manufacturers  say  that 
without  this  protection  the  best  steel  casting  would  not  be  tight  under 
an  air-pressure  of  more  than  50  atm.  Oil  is  introduced  through  g 
by  means  of  the  valves  shown  at  the  right  of  /,  which  leads  to  the 


Fig.  10. 


Prott  and  Seelboff's  Pneumatic  Accumulator. 
air-pump.  The  pump  is  engaged  or  disengaged  by  means  of  m  and 
n.  For  further  details,  the  description  in  Stahl  unci  Eisen,  cited 
above,  may  be  consulted.  The  manufacturers,  Breuer,  Schumacher 
&  Co.,  of  Kalk  near  Cologne,  have  printed  an  English  translation, 
which  they  will  doubtless  furnish  on  application. 

Applications  of  the  Steam- Intensifier. — In  most  recent  times,  im- 
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provements  in  the  control  of  the  hydraulic  column  (to  be  de- 
scribed below)  have  essentially  facilitated  the  use  of  a  central  high- 
pressure-generation,  with  or  without  fly-wheel,  so  that  this  system 
can  now  be  employed  for  the  largest  forging-presses  connected  with 
iron-  and  steel-works,  whereas  it  was  formerly  more  or  less  confined 
to  establishments  having  many  departments,  such  as  bridge-shops, 
ship-yards,  and  boiler-manufactories,  in  which  the  tools  for  adjust- 
ing, cutting,  punching,  bending,  and  riveting  wrought-iron  were 
operated  by  hydraulic  pressure.  The  pressure,  which  formerly  sel- 
dom exceeded  100  kilos  per  square  cm.,  is  now  carried  considerably 
higher. 

For  the  presses  used  in  plate-mills  to  bend,  corrugate,  cut,  and 
stamp  the  plates,  the  simple  intensifier,  shown  in  Fig.  3,  has  largely 
taken  the  place  of  the  pump  with  accumulator,  having  already 
proved  its  excellence  in  other  directions,  as,  for  instance,  in  the  oper- 
ation of  billet-shears. 

Fig.  3,  already  referred  to  as  illustrating  the  general  principle  of 
the  intensifier,  represents  also  its  application  in  the  patent  vertical 
hydraulic  shearing-machine,  with  direct  steam-driver,  of  Breuer, 
Schumacher  &  Co.  This  machine,  designed  for  shearing  hot  steel 
ingots,  consists  essentially  of  the  steam-intensifier  already  described, 
from  which  the  working-cylinder,  D,  derives  (through  water  or  other 
liquid)  the  pressure  which  is  communicated  through  E  to  the  blade, 
F.  A  small  steam-cylinder,  G,  above  the  shear-frame,  lifts  E,  with 
the  upper  shear,  F,  after  the  cut,  to  their  initial  position.  On  the 
cylinder,  A,  the  steam-valve,  6,  operated  by  the  hand-lever,  a,  directs 
the  steam  alternately  into  G  and  A. 

When,  by  depressing  the  lever  a,  steam  is  admitted  to  the  large 
cylinder  A,  the  piston  rises,  and  E,  with  the  connected  cross-head,  m, 
are  forced  down  by  the  pressure  of  the  water  forced  by  B,  operating 
in  C.  In  this  down-stroke  m,  gliding  upon  the  curved  lever,  I, 
moves  (in  correspondence  with  the  curve  of  I)  the  steam-slide  of  6,  so 
that  after  the  cut  has  begun,  the  steam  is  first  throttled  and  after- 
wards cut  off  from  A  entirely,  leaving  the  remainder  of  the  cut  to 
be  effected  by  expansion  only.  In  other  words,  when  the  resistance 
of  the  bloom  is  highest,  the  steam-inlet  of  A  is  entirely  open,  and, 
as  resistance  diminishes,  it  is  proportionally  closed.  Finally,  when 
the  cut  is  finished,  m  and  I  automatically  reverse,  and  open  the  outlet 
for  the  steam  in  A,  the  piston  of  which  then  returns  by  its  own  weight, 
being  suitably  cushioned  by  the  control,  through  b,  of  the  steam- 
escape. 
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Many  devices  have  been  patented  for  applying  to  different  pur- 
poses the  principle  of  direct  transformation,  by  means  of  the  inten- 
sifier,  of  steam-  into  water-pressure.  Among  these  may  be  men- 
tioned the  use  of  a  counter-plunger,  to  regulate  the  plunger-speed 
by  controlling  the  water-discharge.  In  this  way  it  has  been  found 
practicable  to  do  away  with  the  otherwise  inevitable  shock  involved 
in  the  sudden  stoppage  due  to  resistance — as,  for  instance,  in  the 
forging  of  cold  iron.  If  necessary  to  secure  a  very  large  number  of 
strokes  in  a  given  time,  several  intensifiers  can  be  made  to  operate 
one  press. 

The  firm  of  Breuer,  Schumacher  &  Co.,  already  mentioned,  hav- 
ing undertaken,  at  the  writer's  suggestion,  the  development  of  this 
principle  of  the  intensifier,  has  adapted  it  in  arrangement  and  con- 
struction to  the  various  requirements  of  iron-works,  among  which  it 
has  consequently  found  an  extensive  use.  Fig.  3,  as  already  observed, 
shows  their  vertical  hot-shearing  machine  on  this  system.  Horizon- 
tal hot-shearing,  vertical  cold-shearing,  forging,  stamping,  flanging, 
bending-presses,  etc,  (ranging  from  80  to  2000  tons  maximum  hy- 
draulic pressure),  and  vertical  hydraulic  sleeper-presses  for  finish- 
ing steel  railway-sleepers  from  the  rolled  section,  are  already  included 
in  the  regular  catalogue  of  this  establishment  and  furnished  to  order. 
In  the  sleeper-press  the  principle  illustrated  in  Fig.  4  is  applied.* 

The  Double-Action  Pump. — The  double-action  pump,  without  fly- 
wheel or  accumulator,  may  be  used,  as  already  observed,  in  like 
manner  as  the  intensifier;  but  additional  valves  in  the  hydraulic 
column  will  be  required,  and  particularly  such  as  are  operated  by 
the  piston-stroke,  and  therefore  involve  for  their  closing  more  in- 
terruption of  the  current.  Haswell's  press,  used  in  Austria  twenty- 
five  years  ago,  for  forging  steel  and  wronght-iron,  was  provided  with 
a  pump  of  this  type,  the  defects  of  which  were  partly  responsible  for 
the  long  delay  in  the  introduction  of  the  system,  though  doubtless 
the  main  cause  was,  that  the  press  was  too  weak  to  treat  steel  ingots. 
With  the  guidance  of  later  experience,  the  double-acting  steam-pump 
can  often  be  employed  with  advantage,  by  reason  of  its  small  space- 
requirement. 

The  forging-press  of  the  Duisburger  3Iaschinenbau-Actiengesell- 
schaft,  shown  in  Figs.  11,  12,  and  13,  is  built  on  this  system,  to  exert, 
at  a  water- pressure  of  300  kilos  per  square  cm.,  a  total  pressure  of  100 
tons.     It  is  in  the  form  of  a  steam-hammer,  with  single  G-frame. 

*  See  Stahl  und  Eisen,  1892,  No.  4. 
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This  frame,  A,  carries  the  anvil  below,  and  above,  the  steam-cyl- 
inder, B,  the  piston  of  which  is  connected  by  a  double  cross-head,  D, 
with  the  hollow  press-stamp,  C.    The  steam-cylinder,  E,  on  the  back 


Forging-Press  of  the  Duisburger  Co. 

of  the  frame,  drives  the  two  high-pressure  pumps,  F  and  G,  and  is 
regulated  by  the  levers,  H,  J,  on  the  top  of  the  frame.  The  reservoir 
supplies  the  pumps,  and  receives  the  spent  water.    The  valve,  K,  dis- 
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tributes  steam  both  to  the  lifting-cylinder,  B,  and  the  driving-cyl- 
inder, E.  L,  L,  are  the  hydraulic  pipes  connecting  the  pump  and 
iutensifier  with  the  hollow  press-stamp. 

The  novelty  of  this  construction  consists  in  two  features.  The 
first  is,  that  the  steam,  after  being  used  in  the  lifting-cylinder,  can 
be  conducted  into  the  space  above  the  piston,  partly  to  save  steam, 
partly  to  equalize  the  pressure  on  the  two  sides  of  the  piston,  or,  if 
desired  (by  the  use  of  different  areas  of  piston-surface  above  and 
below)  to  effect  an  accelerated  back-stroke  of  the  stamp.  At  the 
same  time,  the  double-acting  pressure-pump  is  controlled  by  a  dif- 
ferential lever,  in  such  a  way  that  every  position  of  this  lever  rep- 
resents a  definite  position  of  the  stamp.  The  second  novel  feature 
is,  that  the  press-stamp,  C,  is  protected  against  side-strains  by  spec- 
ially heavy  guides.  This  press  has  been  in  operation  at  Duisburg 
for  several  months  with  perfect  success. 

The  forging-press  on  the  Trappen  plan,  made  by  the  Mdrkische 
3Iaschinenbau-ActiengeseUschaft,  in  Wetter,  Ruhr,*  is  provided  with  a 
pump  on  this  system,  but  separated  from  the  press.  It  is  in  opera- 
tion at  the  Skoda  works,  at  Pilsen. 

The  Baare  Press. — Forging -presses  for  the  treatment  of  steel- 
ingots  have  come  into  general  use  only  within  the  last  four  years,  since 
the  firm  of  Tannet  &  Walker,  of  Leeds,  demonstrated  by  various 
applications  on  a  large  scale  that  such  presses  could  be  most  advan- 
tageously substituted  for  heavy  steam-hammers.  Following  the 
example  of  several  English  works,  most  of  the  large  manufacturers 
of  forged  steel  have  adopted  presses.  According  to  a  report  of  the 
French  engineer,  F.  Gautier,  made  in  1889,  Krupp,  in  Ess^n,  had 
already  a  press  of  2000  tons'  pressure,  replacing  a  75-ton  hammer, 
and  had  ordered  a  4000-ton  press.  The  same  report  enumerates 
twelve  large  presses,  finished  or  under  way,  and  shows  that  1200- 
ton  presses  would  replace  30-ton  hammers,  and  4000-ton  presses 
120-ton  hammers. 

The  Bochumer  Verein  fur  Bergbau  und  Gussstahlfahrication,  in 
Westphalia,  has  advanced  in  the  construction  of  forging- presses, 
after  making  several  of  1000-tons'  pressure,  or  less,  to  the  production 
of  a  4000-ton  press.  The  details  of  this  press,  freely  shown  to  me, 
confirm  the  statement  made  at  the  beginning  of  this  paper,  that,  by 
a  suitable  arrangement  of  the  valve-action,  the  disadvantages  of 
valves  operating  in  the  high-pressure  water-column  can  be  done 

*  See  Stahl  und  Eisen,  1890,  No.  8,  p.  690. 
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away.  As  will  appear  from  the  description  which  follows,  this  ob- 
ject is  essentially  effected  by  connecting  the  valve-cones  with  plungers 
operated  with  low-pressure  water,  by  which  plungers  they  are  either 
fully  opened  or  completely  closed.  The  speed  of  the  working- 
plunger  of  the  press  is  then  regulated  by  a  special  throttle- valve  in 
the  high-pressure  column. 

The  presses  of  the  Bochum  Company,  built  under  the  German 
patent  of  Fritz  Baare  (No.  45,323),  are  illustrated  in  Fig.  14.    They 


Baare's  Press. 


are  arranged  for  three  separate  working-pressures,  in  the  proportion 
1:2:3.  The  diameter  of  the  lower  part  of  the  press-plunger  is  930 
mm. ;  of  the  upper  part,  530  mm.  Under  a  water-pressure  of  600 
atmospheres,  the  total  pressure  exerted  would,  therefore,  be  4075 
tons;  or,  after  subtracting  the  counter-pressure  of  the  lifting-cylin- 
ders, about  4000  tons.  The  lifting-cylinders  are  connected  with  an 
accumulator  of  50  atmospheres'  pressure,  so  that,  after  the  escape- 
valve  is  opened,  the  press-plunger  rises.     The  stroke  of  the  latter  is 
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1500  ram.,  which  is  sufficient  for  the  largest  forgings.  Raising  or 
lowering  the  upper  part  of  the  press,  which  has  been  found  neces- 
sary sometimes  with  the  presses  built  by  Tannet  &  Walker,  is  not 
required  under  Baare's  construction,  since,  even  at  its  lowest  point, 
the  plunger  still  has  sufficient  bearing  in  the  cylinder.  The  hy- 
draulic packing-sleeves  on  the  lower  part  of  the  plunger  are  ren- 
dered accessible  by  the  easy  removal  of  a  stuffing-box.  The  sleeves 
on  the  upper  part  of  the  plunger  can  likewise  be  changed  speedily 
and  without  trouble,  after  the  cylinder-head  has  been  removed.  There 
are  two  of  these  upper  sleeves,  one  making  a  tight  joint  upwards, 
and  the  other  downwards.  Since  the  cylinder-head  is  heavy,  a  hy- 
draulic crane  is  provided  to  lift  it  and  move  it  to  one  side.  The 
turning  of  the  cross-head  which  carries  the  upper  die  is  prevented 
by  the  two  lifting-pistons,  the  downward  prolongations  of  which 
have  still  a  diameter  of  260  mm.  The  lower  die  can  be  easily  re- 
placed, for  which  purpose  it  is  lifted  by  means  of  the  lifting-pistons 
till  it  will  clear  the  floor,  and  is  then  drawn  away  sidewise  by  one  of 
the  two  forge-cranes.  The  upper  frame,  which  is  made  in  two 
parts  of  cast-steel,  weighs  64  tons.  The  press-cylinder,  also  of 
cast-steel,  weighs,  after  finishing,  35  tons,  and  required  57  tons  of 
steel  for  the  casting.  The  valve-action  of  the  press  (which  is  described 
in  German  patent  48,9-45)  has  the  great  advantage  that,  by  means 
of  a  single  lever,  the  press-piston,  with  the  smaller  pressure  of  50 
atm.,  is  brought  upon  the  mass  to  be  forged;  then  subjected  to  the 
higher  pressure ;  and  finally,  raised  again.  The  movement  of  the 
lever-arm  for  these  operations  is  only  600  mm.,  and  the  force  re- 
quired is  about  5  kilos,  so  that  a  small  boy  can  operate  it  conveni- 
ently without  fatigue.  The  movement  of  the  valves  by  water-pres- 
sure, instead  of  by  hand,  has  the  further  advantage  that  they  are  not 
limited  as  to  size  or  stroke,  and  thus  the  flow  of  water  may  be  re- 
duced to  a  comparatively  small  velocity,  which  favors  the  endurance 
of  the  valves.  At  the  side  of  the  main  lever  is  a  smaller  lever,  by 
means  of  which  the  area  of  the  two  inlet-openings  into  the  press- 
cylinder  is  regulated.  At  the  middle  portion  of  this  lever,  both  are 
open,  so  that  the  press  exerts  a  maximum  pressure.  Moving  the 
lever  to  the  left  shuts  a  valve  in  the  pipe  to  the  small  cylin- 
der, so  that  only  the  medium  pressure  is  applied.  Moving  to  the 
right,  similarly  shuts  off  the  lower  cylinder,  and  gives  the  minimum 
pressure.  In  this  way  the  pressure  can  be  instantly  varied  as  re- 
quired ;  and  this  feature,  together  with  the  use  of  lower-pressure 
(50  atm.)  water  for  supply,  during  the  forging,  effects  a  considerable 
VOL.  XXI, — 22 
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saving  of  power,  so  that  a  duplex-pump  with  steam-cylinders  of 
760  mm.  diameter  and  920  mm.  stroke  is  adequate  to  a  4000-ton 
press,  with  600  atm.  water-pressure.  The  accumulator  for  this 
press  (Pr5tt  and  Seelhoff's  patent)  has  225  mm.  diameter,  and  3m. 
stroke,  and  at  its  extreme  upper  positions  automatically  stops  and 
starts  the  pump. 

The  arrangement  of  the  press,  with  the  cranes  and  furnaces  be- 
longing to  it,  is  shown  in  the  large  plate  accompanying  this  paper.* 
It  is  similar  to  that  of  the  large  Bochum  hammer-forge,  and  has 
more  recently  been  adopted  by  Terni  also.  The  travelling  cranes, 
which  move  around  the  press  on  a  circular  track  33  m.  in  diameter, 
have  several  advantages  over  those  moving  in  parallel  lines.  In  the 
use  of  the  latter,  the  whole  crane  must  be  moved  back  and  forward 
during  the  forging,  while  under  the  Bochum  system  only  the  light 
jib  is  so  moved. 

The  position  of  the  crane-operator,  a  little  above  the  floor-level, 
is  a  very  good  feature,  facilitating  the  comprehension  of  signals  given 
to  direct  the  movements  of  the  cranes.  The  cranes  are  operated  with 
water  at  50  atm.,  and  the  loads  are  lifted  and  lowered  with  the 
greatest  simplicity  and  certainty  by  direct-acting  pistons,  working  in 
vertical  cylinders  which  travel  with  the  cranes.  There  are  at  present 
four  furnaces  and  foundations  for  two  more.  The  furnaces,  being 
grouped  comparatively  close  to  the  press,  can  be  easily  served  by  the 
cranes.  The  workmen  are,  nevertheless,  not  inconv^euienced  by  the 
radiation  of  heat  from  the  furnaces.  The  bloom  is  turned  during 
forging  by  means  of  two  roll-tables,  carrying  movable  chain-drums, 
and  operated  by  hydraulic  power.  These  can  be  used  also  to  draw 
th-e  blooms  from  the  furnaces. 

The  water  at  50  atm.  required  for  the  cranes  and  the  press  is  fur- 
nished by  a  duplex-pump  with  steam-cylinders  of  460  mm.  diameter 
and  700  mm.  stroke.  The  accompanying  accumulator  has  a  diame- 
ter of  450  mm.  and  a  stroke  of  3.5  m. 

Finally,  there  are  in  reserve  a  second  600-atm.  pump,  a  second  50- 
atm.  pump,  and  a  second  pneumatic  accumulator,  guarding  against 
any  prolonged  interruption  of  the  work. 

The  valve-action  is  designed  to  secure  the  easy  and  rapid  move- 
ment, without  shocks,  of  the  valves  controlling  the  hydraulic  plunger. 
For  this  purpose  each  of  them  is  connected  with  a  plunger  under 
lower   water-pressure,   regulated  through   a   slide-valve   by  hand. 

*  See  also  Stahl  und  Eisen,  1892,  No.  3. 
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Since  in  this  way  the  opening  of  the  press- valves  is  always  complete, 
the  speed  of  the  press  must  be  otherwise  regulated ;  and  this  is  done 
by  introducing  into  the  pressure  water-column  a  non-weighted 
throttle-slide,  which,  being  likewise  easily  moved  by  hand,  regulates, 
at  the  will  of  the  operator,  the  speed  of  the  water  and  of  the 
plunger. 

This  valve-action  (covered  by  German  Imperial  patent  No.  48,495) 
is  shown  in  Figs.  15  to  23  inclusive.  Fig.  15  is  a  diagram  of  the 
whole  arrangement  of  the  press,  accumulators,  and  connections; 
Figs.  16,  17,  and  18  show  the  water-pressure  slide-valve,  d,  in  three 
positions;  Fig.  19  is  a  vertical  and  Fig.  20  a  horizontal  section,  show- 
ing one  form  of  the  throttle-slide-valve,^;  Fig.  21  shows  a  form  for 
the  main  press-valves,  a,  b,  and  c;  Fig.  22  is  a  section  and  Fig.  23 


Fig.  15 


General  Arrangement  of  Bochum  Press,  Accumulators  and  Connections. 

a  plan,  showing  the  manner  in  which  valves  d  and  g  are  operated 
together. 

In  Fig.  15,  B  and  C  are  power-accumulators,  which  feed  the  cyl- 
inder of  the  hydraulic  press,  a.  B  contains  low-pressure  (50  atm.) 
water,  which  is  used  to  fill  the  press-cylinder  and  to  start  the  plunger, 
while  C  serves  to  exert  the  final  working-pressure,  and  is  therefore 
loaded  higher  (500  atm.).  The  press-valves  are  at  a,  b,  and  c. 
Through  b  enters  the  water  at  50  atm.,  through  c  the  water  at  500 
atm.,  and  through  a  the  water  escapes  from  the  press  after  use.  The 
upward  movement  of  the  plunger  is  effected  by  means  of  an  annular 
projecting  flange  (not  clearly  shown  in  the  small-scale  drawing,  Fig. 
15,  though  indicated  by  the  cap  shown  in  dotted  lines  above  a),  the 
space  under  which  is  kept  in  connection  with  one  of  the  accumu- 
lators. Or,  this  upward  stroke  could  be  effected  by  a  special  lifting- 
cylinder  above  the  press,  or  by  two  such,  one  on  each  side.     The 
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Details  of  Valves  (see  Fig.  15.) 
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valves,  a,  b.  and  c  are  not  operated  directly,  but  through  the  dis- 
tributing slide-valve,  d,  which  is  moved  by  the  lever,  h  (Fig.  22), 
and  which  opens  and  shuts  the  supply-valves  with  the  aid  of  small 
low-pressure  cylinders,  m  (Fig.  21).  These  are  connected  with  a,  b, 
and  c  by  the  pipes,  u,  v,  w  (Fig.  15).  The  pressure-water  for  operat- 
ing the  valves  enters  by  the  pipe,  p,  and  escapes  by  q. 

The  distributing  slide-valve,  d,  contains  two  cups  or  shells  disposed 
side  by  side,  or  one  behind  the  other.  There  are  three  ports  in  the 
valve-seats,  each  of  which  is  connected  with  the  space,  m,  over  one  of 
the  auxiliary  plungers  of  the  press-valves.  For  the  control  of  the 
press,  it  is  necessary  that  each  of  these  valves  may  be  opened  at  will, 
while  the  other  two  are  closed.  On  the  other  hand,  all  three  must 
be  kept  closed,  when  the  hydraulic  plunger  is  to  be  held  in  one  posi- 
tion. Now,  each  of  these  valves  is  closed  so  long  as  water  under  50 
atm.  fills  the  space,  m,  which  is  the  case  so  long  as  the  correspond- 
ing port  in  the  distributing  valve-seat  is  not  covered,  and  the  50- 
atm.  water,  entering  at  p,  can  consequently  pass  to  m.  On  the  other 
hand,  either  of  the  valves,  «,  b,  and  c,  will  open  whenever  the  50- 
atm.  pressure  is  removed  from  m  by  such  a  change  in  the  position  of 
the  chambers  of  the  distributing  slide-valve  as  puts  the  corres- 
ponding port  in  connection,  not  with  the  inlet,  p,  but  with  the  out- 
let, q. 

Figs.  16,  17  and  18  are  diagrams  illustrating  the  three  principal 
positions  of  the  distributing  slide-valve.  In  the  first  position.  Fig. 
16,  the  pipes,  u  and  v,  communicating  with  the  spaces  m  over  the 
auxiliary  plungers  of  valves  a  and  b,  are  under  pressure  from  p, 
and  these  valves  are  consequently  closed,  while  pipe  lo  is  shut  off 
from  p  and  connected  with  q.  There  is  consequently  no  pressure  in 
the  space  m  over  the  auxiliary  plunger  of  valve  c,  and  this  valve  is 
open.  In  the  second  position.  Fig.  17,  the  pressure  from  p  is  simi- 
larly removed  from  valve  b  (the  low-pressure  water-valve)  and  left 
upon  a  and  c;  while  in  the  third  position.  Fig.  18,  6  and  c  being 
closed  by  the  pressure  from  p  in  the  space  m  above  each,  a,  the  back-r 
stroke  valve,  is  open,  permitting  the  escape  of  the  water  from  above 
the  press-piston,  on  its  return-stroke  to  the  press.  It  is  evident  that 
at  intermediate  positions  of  the  slide,  between  the  first  and  second  or 
the  second  and  third,  all  three  of  the  plungers,  m,  will  be  under  SO* 
atm.  pressure  from  p,  and  all  three  valves,  a,  6,  and  c,  will  be  closed,, 
preventing  movement  of  the  press-plunger. 

As  will  be  seen  in  Fig.  21,  the  valves  thus  operated  by  water- 
pressure  at  m  move,  in  opening  or  closing,  to  the  full  extent  of  the 
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stroke  allowed  them ;  that  is,  they  open  or  shut  completely.  It 
would  be  difBeult  to  devise  any  simple  arrangement  by  which  the 
stroke  of  these  valves  could  be  varied  during  the  operation  of  the 
press  so  as  to  control  the  flow  of  water.  Hence,  against  a  constant 
resistance,  the  speed  of  the  press-plunger  cannot  be  altered  by  means 
of  this  valve-action.  Yet  it  may  be  very  desirable  in  practice  to 
effect  easily  and  at  will  such  a  change  of  speed  ;  and  this  is  com- 
pletely effected  by  means  of  the  balanced  throttle-valve,  g,  Fig  19, 
already  mentioned.  This  is  connected  at  r  with  the  three  valves,  a, 
h,  and  c,  and  at  s  with  the  press,  and  thus  constitutes  a  part  of  the 
pipe-circuit,  through  which  the  pressure-water  enters  the  press  and 
the  spent  water  returns.  The  throttle- valve,  g,  and  the  water-pres- 
sure slide-valve,  d,  are  both  operated  by  the  lever,  A,  as  shown  in  Figs. 
22  and  23.  The  throttle-valve  is  perfectly  balanced,  and  can  there- 
fore be  easily  moved.  It  operates  in  such  a  way  that,  either  at  the 
instant  when  either  of  the  valves,  a,  b,  and  c,  is  opened,  or  immedi- 
ately afterwards,  the  connection  with  the  press  is  gradually  made. 
It  is  thus  possible  to  cause  the  press-plunger  to  descend  (whether 
under  50  or  500  atm.)  or  to  rise,  rapidly  or  slowly,  as  may  be  de- 
sired. The  whole  arrangement  described  above  is  specially  designed 
to  require  a  minimum  expenditure  of  force  at  the  lever,  h,  in  order 
to  secure  corresponding  certainty  and  accuracy  in  the  control  of  the 
movement  of  the  press-plunger.  This  object  has  been  successfully 
attained,  since  the  water-pressure  slide-valve,  d,  can  be  reduced  to 
small  dimensions,  and  the  work  of  moving  the  balanced  throttle- 
valve  is  slight. 

Othei'  Designs. — In  order  to  obviate  the  swaying  sidewise  of  the 
frames  of  vertical  hydraulic  presses  at  every  side-pressure  of  the 
plunger,  I  have  proposed  {Stahl  und  Eisen,  1889,  No.  12,  p.  1044) 
oblique  instead  of  vertical  pillars.  In  this  case  the  upper  girder  is 
dispensed  with  since  the  tie-bolts  take  direct  hold  on  the  cylinder- 
head. 

F.  W.  Walker's  vertical  press  {Stahl  und  Eisen,  1891,  No.  11,  p. 
933),  based  upon  similar  principles,  was  patented  in  England  in 
September,  1890. 

The  press  of  B.  Walker,  of  Hunslet-Leeds,  designed  to  produce 
forgings  of  rectangular  section,  is  a  combination  of  two  presses,  one 
vertical  and  the  other  horizontal,  and  placed  one  close  behind  the 
other,  so  that  the  bloom  can  be  easily  moved  on  a  suitable  hydraulic 
carriage  back  and  forward  from  one  to  the  other.  Each  of  these 
presses  has  one  fixed  die  or  anvil,  and  a  movable  die  or  hammer. 
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operated  by  three  hydraulic  plungers,  either  or  all  of  which  can  be 
put  under  pressure. 

In  the  4000-ton  forge-press  of  Chatillon  and  Commentry,  at  Mon- 
]u§on,  in  France  (more  particularly  described  by  rae  in  Stahl  und 
Eisen,  1892,  No.  2,  p.  57),  the  side-strains  of  the  plunger  are  taken 
up,  not  by  the  supporting  columns,  but  by  two  hydraulic  plungers, 
moving  in  vertical  cylinders  set  below  the  floor  and  between  the 
press-columns,  at  the  two  opposite  ends  of  the  frame.  These  plungers 
carry  a  moving  cross-head,  and  thus  lift  the  working-plunger  on  its 
return -stroke.  The  relief  of  the  frame-columns  from  side-strains 
will  be  secured  by  this  arrangement  if  the  side-plungers  and  con- 
necting parts  are  made  sufficiently  strong.     The  objection  to  it  is, 

Fig  24. 


m^s^si:^^ 


Relative  Effects  of  Forge  and  Hammer. 

that  it  takes  up  room  between  the  columns,  and  requires  that  the 
latter  shall  be  therefore  set  further  apart,  increasing  the  siae  of  the 
frame. 

A  press  of  distinct  importance  for  steel-works  is  that  of  Whit- 
worth,  of  Manchester  (Fig.  25),  designed  for  the  compression  of 
steel  in  the  ingot-mould,  which  I  saw  at  the  works  of  the  Bethle- 
hem Iron  Company,  Pennsylvania.  A  is  the  press-cylinder;  B  the 
hydraulic  plunger ;  C  the  wagon  on  which  the  ingot-mould  is  brought 
under  the  press;  D  are  four  hollow  columns,  connecting  A  with  the 
movable  cross-head,  E,  which  is  lifted  by  hydraulic  plungers,  and  is 
held  to  the  columns,  D,  by  the  rings,  F.  The  plunger,  G,  closes  the 
ingot-mould  when  the  pressure  is  applied  from  below  to  the  liquid 
steel.  According  to  Professor  Howe,  of  Boston,  the  pressure  exerted 
is  from  10  to  30  kilos,  per  square  mm.  of  the  ingot-section.* 

The  Hydraulic  Press,  Compared  with  the   Hammer  and 

THE  Rolls 

The  mechanical  effect  of  the  hydraulic  press  upon  ingot-metal  is 
superior  to  that  of  the  hammer,  because  it  is  exerted  with  absolute 

*  "  The  pressure  on  the  steel  is  gradually  increased,  usually  until  it  reaches  6  tons, 
occasionally  till  it  reaches  20  tons  per  square  inch  of  the  horizontal  section  of  the 
ingot." — Metallurgy  of  Steel,  p.  1 56. 
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certainty  upon  the  whole  mass  beneath  the  die;  since,  if  the  pressure 
is  not  sufficient  to  overcome  the  resistance  of  every  part  of  this  mass, 
the  plunger  must  stop.  Hence,  the  form  shown  at  a,  Fig.  24,  ex- 
presses the  effect  of  the  press ;  while  the  hammer,  in  the  most  fav- 


Whitworth  Press  for  Steel  Ingots. 

orable  case,  that  is,  when  its  momentum  is  sufficient  to  compress  the 
entire  section  of  the  bloom,  produces  the  form  6.  But  it  is  an  evil 
incidental  to  the  hammer,  that  it  produces  a  change  of  form,  even 
when  its  blow  is  too  light  to  affect  the  whole  mass.  In  such  cases, 
the  surface  only  is  affected,  and  the  form  c  results.  The  consequent 
lack  of  uniformity  in  the  compression  of  the  metal-structure  is  easily 
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seen  to  be  injurious  to  the  strength  of  steel,  and  experience  has 
proved  it  to  be  the  cause  of  many  fractures  of  steel  forgings. 

It  is  generally  reckoned  that  the  press  will  turn  out,  for  equal 
time  and  equal  steam-consumption,  twice  the  weight  of  forgings  that 
can  be  made  by  the  hammer — the  explanation  of  the  difference  being 
that  part  of  the  blow  of  the  hammer  is  wasted  on  the  foundation, 
while  the  whole  effect  of  the  press  is  utilized  in  the  bloom. 

Whether  hydraulic  presses  can  be  successfully  substituted  for  rolls 
is  still  undetermined.  A  press  which  I  saw  in  operation  two  years 
ago,  at  the  Clarence  works,  Middlesborough,  England,  seemed  to  bear 
the  comparison  favorably.  With  a  pressure  of  1200  tons  it  turned 
out  per  shift  50  to  60  tons  of  rectangular  blooms  and  slabs.  Later 
improvements  have  increased  the  product  to  probably  80  tons, 
which  would  about  represent  the  proportion  of  its  first  cost ;  since 
the  rolls,  costing  three  times  as  much,  would  produce  about  three 
times  as  much.  On  the  other  hand,  the  press  has  the  advantage 
that  it  can  make,  without  replacement  of  its  parts,  any  desired  rect- 
^  angular  section,  while  the  number  of  sections  possible  to  a  pair  of 
rolls  is  limited — a  point  of  importance  in  the  production  of  slabs 
for  plate.  So  far,  however,  as  concerns  the  ordinary  nearly-square 
bloom  mostly  required  in  rolling-mills,  the  blooming-rolls  are 
likely,  for  a  long  time  to  come,  to  retain  the  advantage  in  economy 
of  steam  and  cost  of  labor.  Special  arrangements  of  hydraulic 
presses,  to  replace  blooming-rolls,  are  shown  in  the  designs  of  Charles 
Davy,  of  Sheffield,  and  B.  Walker,  of  Leeds.  {Stahl  und  Eisen, 
1890,  No.  6,  and  1891,  No.  3.)       • 

Cordial  acknowledgments  are  due  to  the  firms  and  companies 
named  in  the  foregoing  paper,  for  the  liberality  with  which  they  have 
communicated  drawings,  records  of  experience,  etc.,  and  granted 
permission  for  the  free  publication  thereof. 


TEE  CONTBOL  OF  SILICON  IN  PIG-IRON'. 

BY  WILLIAM  H.    MORRIS,     POTTSTOWN,   PA. 

(Baltimore  Meeting,  February,  1892.) 

At  the  Glen  Summit  meeting,  the  question  of  controlling  the  sili- 
con in  pig-iron  was  raised ;  and  as  this  has  been  deemed  by  most 
furnace-men  for  years  past  a  matter  of  special  difficulty,  an  account 
of  our  experience  in  the  matter  may  be  of  interest. 

When  running  on  mill-iron,  some  years  ago,  we  aimed  to  keep 
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silicon  between  0.75  and  1  per  cent.,  and  were  fairly  successful ;  but 
when  we  had  to  make  iron  suitable  for  our  basic  Bessemer  process, 
we  realized  that  much  narrower  limits  and  more  uniform  work  were 
required.  We  endeavored,  as  far  as  possible,  to  obtain  ores  low  in 
silica;  and,  by  closely  watching  the  conditions  of  our  furnace,  we 
have  succeeded  in  securing  an  iron  which  runs  below  0.45  silicon 
and  0.05  sulphur.  Our  best  week's  work  averaged  0,265  Si.  and 
0.05  S. ;  only  7  per  cent,  of  the  metal  exceeding  0.08  S.  This  was 
done  with  iron  stoves.  After  remodeling  our  furnace  and  adding 
fire-brick  stoves,  we  have  run  for  weeks  at  a  time  on  such  standards 
as  were  fixed  upon,  with  a  variation  not  exceeding  2  to  3  hundredths, 
though  we  have  varied  our  requirements  considerably  from  time  to 
time.  We  have  made  a  great  deal  of  iron  below  0.10  Si.,  and  even 
down  to  a  trace,  in  which  sulphur  did  not  exceed  0.017;  and  we 
have  also  run  our  phosphorus  as  high  as  4.5  per  cent.  Such  metal 
is  very  fluid  in  the  runner  and  very  brittle  when  broken  in  the  bed. 
The  successful  manufacture  of  a  special  iron  of  this  grade  requires 
very  regular  furnace-work.  Both  ore  and  limestone  should  be  as 
nearly  uniform  as  possible  in  quality  as  well  as  size,  and  the  fuel 
should  not  be  high  in  sulphur.  We  have  tried  varying  proportions 
of  coke  and  coal ;  and  the  size  of  our  hearth  seems  well  adapted  to 
about  half-and-half.  If  the  furnace  works  more  slowly  or  has  a 
stoppage,  it  means  higher  silicon  in  the  pig;  and  in  case  of  a  slip, 
the  same  thing  is  true,  with  risk  also  of  increased  sulphur.  If  the 
furnace  is  run  too  cold  the  sulphur  will  all  be  in  the  iron.  The  sul- 
phur in  our  pig  runs  from  a  trace  to  not  over  0.03  per  cent.,  and  our 
phosphorus  averages  about  3  per  cent.,  making  white  iron,  somewhat 
resembling  spiegel  in  its  fracture.  In  a  general  way,  the  control  of 
the  silicon  in  the  iron  means  good  management  of  the  furnace,  espe- 
cially where  close  results  are  required  on  sulphur  as  well ;  and  this 
can  only  be  obtained  by  constant  care  and  watchfulness  in  keeping 
all  the  conditions  uniform.  Of  course  the  quality  of  the  cinder  and 
the  heat  required  to  melt  it  are  important  considerations. 

Our  practice  is  to  take  and  cast  in  chills  samples  of  iron  from  the 
runner  at  the  first  and  the  latter  part  of  the  run,  and  the  same  from 
each  flush  of  cinder.  AH  our  materials  are  analyzed,  as  well  as 
these  samples  of  iron,  and  daily  analyses  are  made  of  cinder,  so  that 
we  can  watch  the  furnace,  not  only  in  its  running,  but  in  the  changes 
indicated  by  the  iron  and  the  cinder. 

If  buyers  wish  iron  of  special  chemical  composition,  they  should 
name  it  in  their  specifications,  and   must  be  willing  to  give  up  the 
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old  method  of  grading.  For  instance,  all  furnace-raen  know  that 
an  iron  graded  as  No.  2  or  No.  3  foundry  may  sometimes  run  as 
soft  on  re-melting  as  an  ordinary  No.  1  ;  and  the  chemical  composi- 
tion of  such  an  iron  would  correspond  to  that  of  a  No.  1,  though 
under  the  present  method  of  grading  it  would  not  be  accepted  as 
such  by  a  foundry-man. 

I  annex  a  few  analyses  of  casts,  showing  remarkably  low  results 
in  both  silicon  and  sulphur,  and  also  the  average  weekly  run  of  our 
iron,  which  all  speak  well  for  the  fidelity  of  our  furnace-manager. 
The  figures  for  1887  were  got  with  iron  stoves,  and  in  running  under 
a  specification  requiring  silicon  not  over  0.75  and  sulphur  not  over 
0.08.  In  1891,  we  had  fire-brick  stoves,  and  aimed  at  silicon  not 
over  0.50  and  sulphur  not  over  0.05. 

Selected  Casts  Showing  Remarkably  Low  Silicon  and  Sulphur. 


Silicon. 

Sulphur. 

Trace. 

0.017 

Trace. 

0.036 

Trace. 

0.041 

0.035 

0.033 

0.047 

0.047 

0.093 

0.019 

0.093 

0.021 

0.093 

0.028 

Silicon. 

Sulphur 

Trace. 

0.025 

Trace. 

0.039 

0.023 

0.028 

0.047 

0.030 

0.047 

0.033 

0.093 

0.022 

0.093 

0.030 

Weekly  Averages. 


Week  ending 

Average. 

Highest. 

Per  cent,  of  Product 
above  limit  for 

Si. 

S. 

Si. 

S. 

Si. 

S. 

1887. 
April  16 

0.455 
0.452 
0.265 
0.281 

0.245 
0.312 
0.350 
0.319 
0.285 
0.298 

0.052 
0.065 
0.050 
0.053 

0.035 
0.024 
0.024 
0.020 
0.021 
0.029 

0.887 
0.677 
0.653 
0.490 

0.747 
0.700 
0.980 
0.513 
0.560 
0.746 

0.096 
0.096 
0.091 
0.088 

0.170 
0.093 
0.082 
0.050 
0.083 
0.148 

6.75 

6.50 

8.25 

13.15 

2.50 

11.50 

12.60 

6.25 
7.30 
7.40 
6.25 

16.00 
11.25 
10.60 

7.00 
13.60 

April  30 

May  28 

June  4 

1891. 
June  6 

July  4 

August  8 

August  29 

September  5 

October  10 
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Discussion. 

B.  F.  Fackenthal.  Jr.,  Riegelsville,  Pa. :  It  is  to  be  re- 
gretted that  Mr.  Morris  does  not  give  us  the  ore-mixtures  and 
the  complete  analyses  of  the  materials  used  in  making  his  low 
silicon  pig-iron.  His  paper  shows  remarkable  results  in  control- 
ling the  silicon,  but  gives  us  no  data  to  show  how  this  was  accom- 
plished, except  to  tell  us  that  they  were  obtained  by  constant  care 
and  watchfulness  on  the  part  of  his  furnace-manager  in  keeping  his 
conditions  uniform.  It  seems  to  me  that  something  else  is  necessary. 
We  might  ask  Mr.  Morris  whether  he  could,  with  the  same  mixture 
and  other  conditions,  produce  an  iron  high  in  silicon  and  at  the  same 
time  keep  his  sulphur  low;  if  not,  then  the  controlling  cause  of  his 
low  silicon  must  be  due  to  his  ore-mixture. 

Having  had  some  experience  at  the  Durham  furnace  in  making 
"basic"  pig-iron,  I  will  give  my  results  and  my  theory  for  obtain- 
ing low  silicon.  The  analyses  of  our  ore-mixture  (which  was  made 
up  of  seven-eighths  high-phosphorus  magnetic  ore  and  one-eighth 
puddling-furnace  cinder),  and  of  our  limestone,  were  as  follows: 


High-phosphorus 
magnetic  ore. 

Puddling- 
furnace  cinder. 

Limestone 

Metallic  iron, 

.     54.93 

55.76 

0.54 

Alumina,     .... 

.       271 

2.00 

Lime 

.       6.99 

27.62 

Magnesia,   .... 

.       L2.3 

18.75 

Silica,           .... 

.       7.22 

17.70 

8.84 

Phosphorus, 

.       1.96 

2.31 

0.027 

Sulphur,      .... 

0.020 

Titanic  acid. 

.       L18 

Previous  to  the  use  of  this 

mixture,  the 

furnace  had  been  mak 

Bessemer  pig,  the  grade  for  several  days  having  been  all  No.  1.  The 
slag  was  gray,  and  carried  about  37  per  cent,  of  silica.  When  the 
basic  mixture  came  down,  the  color  and  fluidity  of  the  slag  remained 
the  same,  the  additional  proportion  of  lime  being  the  only  change  no- 
ticed, even  when  making  white  iron  ;  the  grade  aimed  at  being  gray- 
mottled. 

A  complete  analysis  of  the  slag  (an  average  of  four  days)  is  as 
follows:  p^^^^^, 

Silica 32.73 

Protoxide  of  iron 0.98 

Alumina,   ...........  9.51 

Oxide  of  manganese, 0.77 

Lime, 33.84 

Magnesia, 17.08 

Sulphide  of  calcium, 2.39 

Phosphoric  acid, 0.22 

Titanic  acid, 2.35 
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Other  analyses  of  slag  showed  32.40,  33.50,  and  32.94  per  cent, 
of  silica.  Some  of  the  white  pig-iron  carried  as  low  as  .063  silicon  ; 
other  tests  showed  .070  and  .084.  Seven  different  lots  of  gray-forge 
and  mottled  showed,  accoi'ding  to  the  Pottstown  Iron  Company's 
analysis,  but  a  trace  of  sulphur.  Complete  analyses  of  certain  lots 
of  pig-iron  are  given  in  the  following  table,  although  they  do  not 
represent  an  average  of  all  the  iron  made.  The  No.  2  was  taken 
from  a  cast  before  the  mixture  was  fairly  at  work. 


Phosphorus,     , 
Silicon,     . 
Sulphur,  . 
Manganese, 
Combined  carbon, 
Graphitic  carbon. 
Titanium, 
Iron  (by  diff), 


No.  2.  Gray  forge.  Mottled.  White. 

2.900  3.920  3.980  3.620 

.605  .329  .312  .096 

.024  .010  .025  .055 

.225  .333  .314  .131 

1.045  1.258  .816  2.271 

2.407  1.936  1.987  .079 

.217  .259  .170  .023 

92.577  91.955  92.396  93.725 


100      100      100      100 


It  is  interesting  to  note  the  decrease  of  titanium  (after  the  mix- 
ture was  fairly  down)  as  the  grade  is  lowered.  During  the  time  of 
our  experiment  the  furnace  worked  uniformly,  and  the  output  con- 
tinued to  be  about  the  same  as  it  had  previously  been  when  running 
on  our  Bessemer  mixture.  The  iron  was  exceedingly  fluid,  and  I 
was  not  able  to  distinguish  the  different  grades  while  running.  It 
cooled  rapidly,  and,  on  breaking  from  the  sows,  was  very  dry  ;  the 
faces  of  the  pigs  appeared  full  and  smooth,  being  practically  free 
from  honeycombs  ;  but,  owing  to  the  high  phosphorus,  the  shrinkage 
was  great.  This  was  shown  by  large,  irregular,  wavy  depressions  on 
the  face  of  the  pigs,  often  two  inches  to  three  inches  long  and  one- 
fourth  inch  to  three-eighths  inch  deep,  the  sides  of  the  depression 
being  square  and  not  rounded.  The  sides  and  bottom  of  the  pigs 
showed  a  wrinkled  surface,  and  some  of  them  were  checked ;  and 
the  iron  was  quite  weak,  often  breaking  by  ordinary  handling. 

A  great  many  theories  have  been  advanced  as  to  the  control  of 
silicon  in  pig-iron. 

Mr.  Gordon  says  {Tram,  ix.,  492)  that  the  ash  in  the  fuel  will 
produce  iron  high  in  silicon. 

Mr.  Gordon  also  says  {Trans,  xvii.,  151)  that  silicon  is  practically 
under  control  by  regulating  the  composition  of  the  slag  and  the  tem- 
perature of  the  hearth. 
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Mr.  Constable  says  {Trans,  xi.,  511)  the  high  silicon  at  Rockwo  d 
was  caused  by  excessive  alumina. 

Mr.  Jamme  says  {Trans,  xvii.,  144)  fast  driving  is  an  absolute 
necessity  in  making  good  foundry-irons,  and  anything  that  retards 
the  pace  gives  time  for  saturation  of  the  metallic  iron  with  silicon, 
and  is  the  cause  of  producing  pig-metal  with  high  silicon. 

While  many  of  these  and  other  causes  suggested  by  members  of 
the  Institute  doubtless  have  an  influence  on  the  silicon  and  control 
it  within  certain  limits,  I  claim  that  the  chief  influence  is  that  of 
the  character  and  composition  of  the  ores,  rather  than  the  composi- 
tion of  the  slag,  temperature  of  the  hearth,  ash  of  the  fuel,  or  man- 
agement of  the  furnace.  An  ore-mixture  suitable  for  making  basic 
pig-iron  (apart  from  the  question  of  phosphorus)  will  not  produce 
iron  high  enough  in  silicon  for  foundry-purposes.  At  Durham  we 
are  using  a  mixture  made  up  mostly  of  magnetic  ores,  and  produc- 
ing gray-forge  pig-iron  containing  less  than  1  per  cent,  of  silicon  ; 
and  we  cannot  produce  iron  from  this  mixture  high  enough  in  silicon 
for  ordinary  foundry  purposes  ;  but  when  we  substitute,  say  one-half 
of  brown  hematite  ores,  or  any  other  ores  in  which  the  silicon  is  com- 
bined with  the  oxide  of  iron  (the  composition  of  the  slag,  fuel,  and 
other  conditions,  remaining  the  same),  the  silicon  in  our  pig  is  at 
once  increased.  Our  last  experiment  with  a  foundry-mixture  pro- 
duced iron  carrying  3  per  cent,  of  silicon. 

Several  years  ago,  when  making  Bessemer  pig  at  both  Durham 
and  Pequest  furnaces,  we  experienced  some  difficulty  in  getting  our 
silicon  high  enough.  It  could,  of  course,  be  controlled  to  a  certain 
extent  by  an  increased  fuel-consumption  and  by  the  composition  of 
the  slag ;  but  the  good  and  economical  working  of  a  furnace  should 
not  be  disturbed  ;  and  besides,  there  are  other  conditions  and  other 
chemical  properties  to  be  considered  besides  the  silicon.  At  the 
Pequest  furnace,  with  a  mixture  made  up  largely  of  foreign  ores,  we 
produced  Bessemer  pig  carying  about  1 J  per  cent,  of  silicon.  A  sub- 
stitution in  the  mixture  of  10  per  cent,  of  brown  hematite  ore  (from 
Dutchess  county,  N.  Y.,  carrying  0.04  per  cent,  of  phosphorus)  im- 
mediately gave  us  iron  with  2|  per  cent,  of  silicon,  the  slag,  fuel, 
and  other  conditions  remaining  the  same.  If  the  silicon  can  be  so 
easily  controlled  by  the  operation  of  the  furnace,  we  might  ask  why 
our  friends  in  the  Birmingham,  Ala.,  district  make  iron  so  liigh  in 
silicon.  I  am  told  that  certain  southern  iron  arriving  in  the  Phila- 
delphia market,  some  time  since,  contained  over  7  per  cent,  of  sili- 
con.    Mr.  Jamme  says  that  rapid  driving  is  a  sine  qua  non  for  re- 
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ducing  high  silicon  in  his  pig.  Pig-iron  low  in  silicon  is  not  suitable 
for  foundry-iron ;  but  with  the  Clinton  ores  from  Red  Mountain  the 
trouble  seems  to  be  to  get  it  low  enough. 

In  Mr.  Robertson's  paper  [Trans.,  xvii.,  94),  read  at  the  Birming- 
ham meeting,  the  silicon  in  Birmingham  iron  is  given  as  varying 
between  2.44  per  cent,  in  No.  2  mill  to  7.09  per  cent,  in  No.  2  C; 
and  his  gray-forge  (being  one-half  of  each,  No.  1  mill  and  No.  2 
mill)  contains  2.65  per  cent,  of  silicon.  He  mentions  thirteen  dif- 
ferent grades,  including  gray-forge  and  silvery  mill.  I  take  it  that 
these  high  silicons  are  beyond  the  control  of  the  furnace-manager, 
and  are  due  entirely  to  the  ore-mixture. 

Mr.  Cook,  of  the  Warwick  furnace,  during  1888  [Titans.,  xvii., 
127),  was  passing  stock  through  his  furnace  in  from  fourteen  to  fif- 
teen hours ;  his  silicon  averaged  from  0.588  to  0.945  per  cent.  This 
iron,  already  too  low  in  silicon  for  ordinary  foundry  purposes,  could 
not  be  improved  by  faster  running,  which  Mr.  Jamme  says  is  so 
essential.  Mr.  Cook  runs  a  very  basic  slag,  but  I  take  it  that  his 
low  silicon  is  due,  within  certain  limits,  to  his  ore-mixture. 

It  would  be  interesting  to  have  complete  analyses  from  Mr.  Morris 
of  his  ores,  pig-iron,  and  slag. 

F.  E.  Bachman,  Salem,  Ya. :  Mr.  Fackenthal  seems  to  think 
that  brown  hematites  contain  silica  in  some  peculiar  combination, 
and  that,  for  this  reason,  they  yield  in  the  blast-furnace  a  high-sili- 
con {i.e.,  a  foundry)  iron.  Now,  down  in  Virginia,  we  use  almost 
exclusively  brown  hematite  ores,  yet  our  principal  trouble  is  to  get 
enough  silicon  into  our  pig-iron.  The  reason  of  our  low  silicon  I 
do  not  know.  I  have  attributed  it,  however,  to  the  character  of  our 
Pocahontas  coke,  the  ash  of  which  is  not  only  small  in  amount  but 
of  such  a  character  as  to  require  scarcely  any  lime  to  make  a  bi-basic 
cinder.  It  takes  only  twelve  hours  to  put  our  charges  through  the 
furnace.  For  several  years  past  the  gray-forge  pig-iron  made  in 
my  district  has  seldom  exceeded  0.75  per  cent,  of  silicon. 

As  to  the  supposed  mode  of  occurrence  of  the  silica  in  certain 
ores,  in  some  combination  with  iron  oxide,  I  have  noticed  that  the 
addition  up  to  even  30  per  cent,  of  the  ore-mixture  of  heating-cinder, 
which  is  a  silicate  of  iron,  had  no  tendency  to  produce  a  high-silicon 
pig.  Hence,  I  should  think,  it  cannot  be  true  that  an  ordinary  sili- 
cate of  iron  in  the  charge  specially  promotes  the  reduction  of  silica 
and  the  introduction  of  silicon  into  the  pig. 

Yet  it  has  always  been  my  impression  that,  for  the  production  of 
a  special  high-silicon  iron,  the  desirable  thing  was  to  get  a  mixture 
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in  which  the  silica  should  be,  to  a  certain  extent,  free, — that  is,  not 
combined  with  iron  or  alumina.  In  Alabama,  while  using  the  Red 
Mountain  (Clinton)  ores,  they  have  not  been  very  successful  in  keep- 
ing the  silicon  down.  I  have  found  there  that,  with  35  per  cent,  of 
silica  and  15  per  cent,  of  alumina  in  the  cinder,  the  foundry -pig 
carried  regularly  3.5  to  4.5  per  cent,  of  silicon.  The  silica  in 
Red  Mountain  ores  seems  to  be  uncombined  with  iron,  and  the  coke 
carries  15  to  18  per  cent,  of  ash  to  be  fluxed.  On  this  account, 
and  by  reason  also  of  the  continual  variation  of  lime  in  the  Clinton 
ores,  it  is  impossible  to  carry  the  furnace  regularly ;  and  I  am  con- 
vinced that  whether  high-silicon  or  low-silicon  be  the  objective  point, 
a  regular  operation,  permitting  the  right  conditions  to  be  uniformly 
maintained,  is  essential ;  the  necessary  conditions  for  the  production 
of  low-silicon  iron  being  heavy  burden,  basic  cinder  and  low  hearth- 
heat. 

W.  E.  C.  CoxE,  Columbus,  O. :  Mr.  Fackenthal  speaks  of 
some  pig-iron  running  as  high  as  7  per  cent,  in  silicon.  We  have 
recently  had,  from  the  Hocking  Valley,  iron  containing  10  to  12  per 
cent,  of  silicon.  It  was  made  from  a  mixture  of  cinder  and  native 
ore,  almost  precisely  the  same  in  character  as  the  mixture  used  at 
Danville,  Pa.,  to  make  low-silicon  pig  for  the  basic  process.  That 
is  to  say,  the  same  material  has  been  used  in  one  in.stance  to  make 
low-silicon  pig,  and,  in  the  other,  to  make  a  pig  containing  10  to  12 
per  cent,  of  silicon.  The  fuel,  however,  was,  in  the  Hocking  Val- 
ley, raw  bituminous  coal,  and,  at  Danville,  coke. 

E.  C  Pechin,  Roanoke,  Va. :  Mr.  Fackenthal  probably  does  not 
intend  by  any  means  to  say  that  in  this  connection  the  character  of 
the  ore-mixture  settles  everything,  and  the  management  of  the  fur- 
nace amounts  to  nothing.  He  is,  as  we  all  know,  too  good  a  furnace- 
manager  for  that,  although  the  emphasis  he  has  placed  upon  the  ore- 
mixture  might  cause  him  to  be  misunderstood.  But  even  that 
emphasis  will  be  hard  to  justify  as  a  generalization,  whatever  may 
have  been  the  facts  of  Mr.  Fackenthal's  experience.  As  Mr.  Bach- 
man  has  said,  we  use  practically  nothing  in  Virginia  but  brown 
hematite.  Yet  the  Pulaski  furnace,  for  instance,  using  constantly 
the  same  ores  and  the  same  fuel,  makes  sometimes  a  foundry-iron 
running  from  2.5  up  to  3  per  cent,  of  silicon  ;  and  at  other  times, 
when  desired,  and  day  after  day,  as  a  regular  product,  iron  contain- 
ing not  over  0.5  to  0.6  per  cent,  of  silicon.  It  seems  to  me  that  this 
is,  for  Mr.  Fackenthal's  general  theory,  a  formidable  fact,  indicating 
that  whatever  he  may  have  found  to  be  the  effect  of  this  or  that  ore- 
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mixture,  under  conditions  otherwise  unchanged,  there  are  other  ways 
of  controlling  the  result,  by  changing  other  conditions,  while  the 
ore-mixture  is  left  constant. 

James  Gayley,  Braddock,  Pa. :  The  control  of  silicon  and  sul- 
phur is  the  immediate  problem  of  many  furnace-managers,  and  I 
think  a  good  deal  of  information  about  it  might  be  obtained  by  free 
and  full  comparison  of  experience  among  our  members.  Mr.  Mor- 
ris's quotation  of  weekly  averages  for  selected  weeks  leaves  room  for 
the  inference  that  the  furnace  relapsed,  after  its  favorable  week's 
records,  into  less  favorable  conditions. 

Mr.  Morris  :  Mr.  Gayley's  inference  is  an  error.  The  records 
of  several  periods  of  weeks  are  as  follows : 


1887. 

For  week  ending 

April  16, 

April  23. 

April  30, 

May  7. 

May  28, 

tons. 

tons. 

tons. 

tons. 

tons. 

403 

400 

418 

452 

412 

1891. 

For  week  ending 

June  6,     June  13,     July  4,      July  11,     Aug.  8,     Aug.  15,    Aug.  29,    Oct.  10,      Oct.  17f 

tons.  tons.         tons.  tons.         tons.  tons.  tons.  tons,         tons. 

899  867  835  822  923  931  923  944  935 

I  fail  to  find  in  these  figures  any  evidence  of  precarious  or  irregu- 
lar work,  though  of  course  they  look  small  by  the  side  of  Mr.  Gay- 
ley's  magnificent  output  from  splendid  ores  and  selected  fuel.  The 
weeks  selected  for  mention  in  my  paper  were  taken,  not  as  represent- 
ing abnormally  good  furnace-running,  but  as  being  among  our  best 
weeks  with  respect  to  the  special  feature  of  quality — namely,  low 
silicon  and  low  sulphur — at  which  we  were  aiming.  They  were  not 
extraordinary  in  any  respect. 

Our  ore-mixture  is  largely  New  York  and  New  Jersey  magnetites, 
with  rather  less  than  the  usual  proportion  of  mill-cinder,  and  a  small 
amount  of  local  hematite.     It  would  analyze  about : 

Per  cent. 

Silica, 14. 

Alumina, 1.75 

Lime, 4. 

Magnesia, 1, 

Iron, 58. 

Manganese, 1. 

Our  limestone  is  both  dolomite  and  calcite.    Our  slag  usually  runs 
in  silica  from  31  to  32,  though  sometimes  below  30  per  cent.     The 
VOL.  xxr. — 23 
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furnace  works  with  quite  as  much  regularity  as  on  ordinary  mill- 
iron,  though  sometimes  it  seems  to  have  an  excess  of  lime,  which 
makes,  for  a  brief  period,  a  somewhat  sticky  cinder. 

G.  F.  KxAPP,  Steel  ton,  Pa. :  In  connection  with  Mr.  Morris's 
paper  and  Mr.  Fackenthal's  comments,  our  experience  at  Steelton 
may  be  of  interest.  In  April,  1889,  I  was  called  upon  to  make 
low-silicon  and  low-sulphur  pig-iron  for  a  special  purpose,  and  also 
to  ascertain  the  practicability  of  the  continuous  production  of  such 
iron.  The  ore-mixture  used  consisted  of  our  regular  stock  of  Bes- 
semer ore  on  hand,  in  the  proportion  of  f  Porman,  ^  Mokta,  and  ^ 
Bedar.  This  mixture  yields  55  per  cent,  of  iron  as  pig,  and  averages 
12  per  cent,  of  fluxable  silica.  It  is  not  specially  adapted  to  the 
uniform  production  of  low-silicon  pig,  by  reason  of  the  large  amount 
of  cinder  which  it  makes.*  Manganese  is  present  in  proportions  too 
small  to  be  available  for  the  removal  of  sulphur. 

The  special  pig-iron  referred  to  was  made  for  a  month,  and  the 
average  analyses  of  the  total  product  during  this  period  show  Si  0.582 
and  S  0.0-47  per  cent.,  the  highest  silicon  being  1.14  and  the  lowest 
0.03,  while  the  highest  sulphur  was  0.09  and  the  lowest  a  trace. 
The  results  for  a  selected  week  showed  averages  of  0.198  Si,  and 
0.04  sulphur.  The  best  results  for  24  hours'  work  were:  No.  1,  Si 
0.03,  S  0.09 ;  No.  2,  Si  0.059,  S  0.031  per  cent. 

A  few  months  later  this  iron  \vas  again  required,  and  the  results 
of  a  second  run  of  four  weeks  were  still  more  uniform  and  satis- 
factory, as  the  following  figures  show:  Average  of  all  iron  made. 
Si  0.431,  S  0.03;  highest.  Si  0.905,  S  0.069 ;  lowest.  Si  0.148,  S  a 
trace  ;  selected  week's  average,  Si  0.264,  S  0.032  ;  selected  24  hours, 
Si  0.15,  S  0.039.  The  uniformity  of  these  results  may,  perhaps,  be 
best  expressed  by  saying  that,  of  all  the  iron  made,  81  per  cent,  con- 
tained less  than  0.5  Si,  and  96  per  cent  less  than  0.05  S.  The 
figures  show  conclusively  that  the  lowest  silicon  does  not  necessarily 
mean  the  highest  sulphur. 

All  the  iron  made  in  these  two  runs  was  Bessemer  pig,  carrying 
0.08  P.  Most  of  it  was  graded  as  white,  but  it  was  not  the  conven- 
tional white  iron  made  on  a  cold  furnace,  running,  on  the  contrary, 
hot  and  very  fluid.  A  slight  increase  in  the  temperature  changes 
the  product  to  gray  iron,  but  causes  also  a  very  small  increase  in  the 
percentage  of  silicon. 


*  I  consider  an  ore-mixture  more  favorable  for  making  uniform  low-silicon  iron, 
which  carries  relatively  little  silica,  or,  in  other  words,  makes  little  cinder. 
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The  average  analysis  of  the  cinder  was,  approximately,  SiOa,  31.5  ; 
AI2O3,  11  ;  CaO,  47 ;  MgO,  9  per  cent. 

No  decided  change  was  noticed  in  the  working  of  the  furnace 
while  on  this  iron,  except  a  slight  increase  in  product  and  decrease 
in  fuel. 

Since  the  above  experiments,  no  considerable  quantity  of  very 
low-silicon  iron  has  been  made;  but  the  completeness  of  control 
which  the  foregoing  figures  indicate,  is  not  confined  to  that  S})ecial 
quality.  The  higher  percentages  of  silicon,  from  0.75  to  2.5,  can 
be  equally  controlled  and  varied  at  will.  There  are  many  different 
ores  in  use  at  Steelton ;  and  I  believe  it  possible,  with  any  mixture, 
to  hold  silicon  to  a  desired  figure,  or  to  change  quickly,  almost  at 
any  time,  from  high-silicon  to  low-silicon  iron,  and  vice  versa.  There- 
fore, I  cannot  agree  with  Mr.  Fackenthal's  view  that  the  ore-mixture 
is  the  most  important  factor. 

In  ray  judgment,  the  controlling  elements  are,  first,  uniform  fur- 
nace-work, which  requires  careful  watching  of  stock,  and  of  all  de- 
tails ;  secondly,  the  temperature  of  the  furnace ;  and  thirdly,  the 
basicity  of  the  charge.  The  last  two  are  controlled  at  the  scales  by 
the  proper  adjustment  of  fuel  and  flux.  To  increase  silicon  in  the 
pig,  raise  the  temperature  and  reduce  the  amount  of  lime.  Reduc- 
tion in  temperature,  on  the  other  hand,  throws  silica  into  the  cinder; 
and  a  proper  increase  of  lime,  at  the  same  time,  will  take  up  the 
silica,  and  still  leave  the  cinder  capable  of  removing  the  sulphur. 
In  the  control  of  these  conditions,  perhaps  the  most  likely  source 
of  failure  is  the  occurrence  of  undetected  variations  in  the  stock. 

In  connection  with  what  Mr.  Morris  has  said  concerning  the  ordi- 
nary grading  of  iron  according  to  grain,  I  am  reminded  of  certain 
experiments  in  which  I  found  it  possible  to  make  an  open-grained 
iron  as  low  as  0.5  in  silicon,  and  also  low  in  sulphur.  Under  ordi- 
nary circumstances,  iron  of  this  analysis  would  be  close-grained,  or 
white — which  shows  how  little  the  usual  grading  tells  of  the  chem- 
ical composition  of  the  metal.  This  open-grained,  low-silicon  iron, 
when  used  in  the  foundry,  will  recast  gray.  Opening  the  grain  of 
low-silicon  iron  is,  however,  very  difficult,  and  I  have  not  been  able  to 
get,  in  the  chill-beds  used  where  the  experiments  were  made,  a  gray 
Bessemer  iron  carrying  less  than  0.4  per  cent,  of  silicon. 

Mr.  Fackenthal  (Communication  to  the  Secretary) :  In  the 
discussion  of  this  question,  I  think  the  grade  and  character  of  the 
iron  should  be  given  in  all  cases.  I  had  no  intention  of  questioning 
the  elementary  facts  that  No.  1  foundry-iron  contains  more  silicon 


356  THE   CONTROL    OF   SILICON   IX    PIG-IRON. 

than  white  iron  made  from  the  same  ores ;  that  with  a  stated  mix- 
ture of  ores,  fuel  and  limestone,  different  reactions  may  take  place 
in  the  blast-furnace,  by  which  different  grades  of  iron  are  produced, 
with  varying  contents  of  silicon  ;  and  that  this  variation  of  grade 
can  be  directly  controlled  by  the  temperature  of  the  hearth,  the  com- 
position of  the  slag,  etc. ;  in  other  words,  by  the  management  of  the 
furnace. 

Foundry-iron  which  does  not  have  a  tendency  to  chill  on  being 
re-melted,  must  be  relatively  high  in  silicon.  My  experience  is  that 
such  iron  is  more  economically  produced  by  using  brown  hematite 
or  other  suitable  ores,  and  that  it  is  the  use  of  such  ores  that  has 
given  to  certain  brands  of  foundry-iron  their  deserved  high  reputa- 
tion. Certainly  a  hot  hearth  is  required  to  produce  such  iron,  and 
a  cold  hearth  or  other  abnormal  condition  will  lower  the  grade  of 
iron  as  well  as  the  silicon  in  the  pig. 

Mr.  Bachman  attributes  his  low  silicon  to  the  character  of  his 
Pocahontas  coke,  and  gives  his  silicon  in  gray  forge  as  0.75  per  cent., 
while  Mr.  Pechin,  referring  to  the  same  character  of  fuel  and  ores, 
gives  the  silicon  in  foundry-iron  as  running  sometimes  2.50  to  3  per 
cent.  These  analyses  agree  with  my  information  from  other  Vir- 
ginia furnaces  using  Pocahontas  coke  and  brown  ores.  I  take  it, 
on  the  other  hand,  that  the  iron  referred  to  by  Mr.  Pechin  as  carry- 
ing not  more  than  0.5  to  0.6  per  cent,  of  silicon  is  not  foundry-iron. 
He  does  not  give  the  grade,  nor  does  he  say  whether  the  sulphur  is 
as  low  as  in  the  iron  carrying  up  to  3  per  cent,  of  silicon.  It  seems 
to  me  that  the  only  fair  way  to  make  comparisons  is  to  give  the 
grade  of  the  iron,  and  compare  irons  of  the  same  grade. 

At  the  Durham  furnace  we  do  not  use  brown  ores  in  our  standard 
gray-forge  mixture.  We  can  and  do  make  some  foundry-iron  froni 
this  mixture,  but  the  silicon  is  comparatively  low  ;  and  while  the 
iron  is  in  demand  and  suitable  for  castings  where  strength  is  re- 
quired, it  has  a  tendency  to  chill  when  run  into  thin  castings,  and 
for  this  purpose  it  is  not  as  desirable  as  iron  with  higher  silicon. 
Yet  the  graphitic  carbon  is  as  high  in  this  as  in  the  high-silicon  iron, 
which  has  no  tendency  to  chill.  By  increasing  the  fuel,  we  can  in- 
crease the  silicon  to  a  certain  extent,  but  we  can  accomplish  this  re- 
sult with  less  sacrifice  of  economy  by  introducing  brown  ores  into 
the  mixture. 

In  a  private  letter  from  a  manager  of  blast-furnaces  in  Virginia, 
I  am  informed  that  some  experiments  have  recently  been  made  at 
several  iron-works  with  a  magnetic  ore  high  in  titanic  acid,  by  in- 
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trodncing  it  into  their  mixtures,  which  were  made  up  mostly  of 
brown  ores  ;  and  that  while  small  pro{5ortions  gave  them  no  trouble 
in  running  the  furnace,  they  found  it  impossible  to  make  any  No.  1 
foundry-iron  while  this  ore  formed  part  of  the  charge.  The  same 
experience  has  been  encountered  elsewhere.  Most  of  the  New 
Jersey  magnetites  contain  an  appreciable  amount  of  titanic  acid ; 
and  I  am  inclined  to  believe  that  its  presence  may  hinder  the  tak- 
ing up  of  silicon  in  the  pig,  and  that  for  this  reason,  a  mixture  made 
up  mostly  of  such  ores  produces  iron  low  in  silicon,  even  when  it  is 
open-grained. 

Mr.  E.  S.  Cook  of  the  Warwick  furnace  ( U.  S.  Charcoal  Tron- 
Worher.'i'  Journal,  vol.  viii.,  page  21,  etc.)  uses  a  gray-forge  mixture, 
made  up  mostly  of  magnetic  ores,  and  finds  that  his  foundry-iron 
from  that  mixture  has  a  tendency  to  chill,  owing  to  low  silicon. 

To  put  the  matter  in  a  nut-shell,  I  do  not  feel  that  the  suggestions 
I  have  made  as  to  the  influence  of  the  ore-mixture  upon  the  silicon 
in  the  pig  are  conclusively,  or  even  pertinently,  answered  by  the 
declaration,  on  the  part  of  any  number  of  furnace-managers,  of  the 
ease  with  which  they  can  throw  a  furnace  at  will  from  high-silicon 
gray  to  low-silicon  white  iron,  without  changing  the  ore-mixture. 
The  facts  which  I  have  cited  from  experience  still  remain  facts,  and 
still  call  for  an  explanation.  They  cannot  be  successfully  contra- 
dicted, though  they  may  be  explained  in  some  better  way  than  I 
have  conceived.  If  I  did  not  make  it  clear  in  my  first  contribution 
to  this  discussion  that  I  was  perfectly  aware  of  the  possibility  of 
lowering  silicon  in  pig-iron  by  sacrificing  its  grade,  my  failure  to  do  so 
must  be  ascribed  to  the  unconscious  conviction  that  I  would  certainly 
be  assumed  to  know  as  much  as  that. 

The  commercial  side  of  this  problem  should  not  be  lost  sight  of. 
It  is  not  altogether  a  question  of  results  as  to  grade,  or  particularly 
as  to  the  silicon  contained  in  the  pig.  As  I  have  already  observed, 
the  economical  working  of  a  furnace  should  not  be  disturbed.  An 
excess  of  lime,  such  as  is  referred  to  by  Mr.  Morris,  will  sooner  or 
later  produce  an  irregular  working  of  the  furnace.  Moreover,  it 
certainly  does  not  pay  to  increase  materially  the  consumption  of  fuel 
for  the  purpose  of  increasing  the  silicon  in  the  iron,  when  the  grade 
is  to  remain  the  same,  or  to  make  any  other  changes  which  increase 
the  cost,  without  a  corresponding  increased  value  of  the  output,  in 
order  to  obtain  a  product  for  which  the  local  ore-mixture  is  not 
adapted,  if  that  result  can  be  reached  without  such  increase  of  cost 
by  the  use  of  a  different  ore-mixture. 
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R.  W.  Raymond,  New  York  City :  It  seems  to  me  that  some 
parts  of  this  interesting  discussion  present  imaginary  rather  than 
real  conflicts  of  opinion,  because  on  one  side  one  question,  and  on  the 
other  side  a  different  question,  is  chiefly  contemplated.  The  Control 
of  Silicon  in  Pig-Iron,  which  is  the  title  of  Mr.  Morris's  paper,  is  a 
subject  of  much  wider  range  than  is  indicated  by  the  paper  itself, 
which  deals  merely  with  the  production  of  low-silicon  pig,  suitable 
for  the  basic  steel-processes.  This  particular  product  has  to  be  also 
reasonably  low  in  sulphur  and  exceptionally  high  in  phosphorus;  so 
high,  in  fact,  that  if  the  iron  (by  reason,  for  instance,  of  failure  to 
meet  the  requirements  as  to  silicon),  be  rejected  for  the  basic  process, 
it  is  unsuitable  for  most  other  purposes,  and  cannot  be  sold  at  prices 
covering  the  cost  of  manufacture.  On  the  other  hand,  the  "grade" 
of  the  iron,  as  determined  by  the  amount  and  proportions  of  graph- 
itic and  combined  carbon,  or  by  the  color  and  grain  of  its  fracture, 
is  of  comparatively  little  importance  in  this  case.  The  chemist,  not 
the  foundry-man,  will  accept  or  reject  it ;  and  in  the  converter  or 
the  open-hearth  the  total  percentage  of  carbon,  as  of  every  other 
constituent,  will  play  its  part,  independent  of  the  structure  of  the 

pig- 
Now,  the  production  of  low-silicon  "basic"  pig  with  uniformity 

and  economy  is  a  vitally  important  matter.  Perhaps  it  might  fairly 
be  pronounced  the  most  important  of  all  department^  of  the  larger 
subject  of  the  control  of  silicon  in  pig-iron.  If  I  am  not  mistaken, 
it  constitutes  to-day  the  greatest  difficulty  of  the  basic  processes  in 
all  countries  where  they  have  been  introduced.  And  the  most 
troublesome  part  of  this  difficulty  is  the  commercial  risk  I  have 
already  mentioned,  namely,  the  risk  on  rejected  and  almost  mimar- 
ketable  material.  If  Mr.  Morris  exhibits  records  of  practical  suc- 
cess in  this  respect,  it  is  not  surprising  that  additional  particulars 
should  be  eagerly  sought ;  for  such  uniformity  of  success  has  not 
been  the  rule  among  furnace-managers.  I  do  not  understand,  for 
example,  that  low-silicon  basic  pig  is  at  this  time  successfully  manu- 
factured in  the  South,  although  there  must  be  a  demand  for  it  at 
Chattanooga. 

INIr.  Fackenthal,  however,  has  made  at  the  Durham  furnace  a 
large  quantity  of  low-silicon  high-phosphorus  pig;  and  his  success 
in  getting  uniform  results  and  avoiding  loss  by  rejection  of  product 
under  the  chemical  specifications  has  been  remarkable.  His  belief 
that  the  ore-mixture  is  an  important  factor  is  consequently  entitled 
to  respect,  and  cannot  be  disproved  by  the  reported  success  of  others 
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who  do  not  think  their  ore-mixtures  had  any  controlling  influence. 
For  such  success,  even  after  bearing  triumphantly  a  much  more 
thorough  analysis  than  any  case  has  received  thus  far,  might  still 
leave  room  for  the  possibility  that  they  really  used  suitable  ore- 
mixtures,  or  else  that  skill,  care  and  apparatus  equal  to  theirs,  ope- 
rating u})on  more  suitable  mixtures,  would  have  done  the  work  with 
less  fuel,  or  with  larger  daily  product,  or  with  some  other  feature  of 
advantage.  If  any  one  believes  it  can  be  regularly  and  economi- 
cally done  with  all  classes  of  ores,  according  to  their  gross  chemical 
analysis  and  without  regard  to  their  mineralogical  differences,  he 
may  be  right;  but  the  records  published  hitherto  fall  far  short  of 
demonstrating  an  assertion  so  sweeping ;  while,  on  the  other  hand, 
the  little  we  hear  as  to  means  and  methods  is  not  new,  and  hence 
does  not  predispose  us  to  accept  a  proposition  which  is  new;  that  is 
to  say,  which  contradicts  a  genei'al  impression  among  furnace-man- 
agers, based  on  a  wide-spread  experience. 

But  there  is,  as  I  have  said,  another  branch  of  the  subject,  and 
to  that  department  Mr.  Fackenthal's  statements  apply  with  still 
greater  force.  The  control  of  silicon  includes  the  production  at  will 
of  high  and  low-silicon  foundry-iron,  the  former  capable  of  "  carrying 
scrap"  in  the  cupola,  and  still  giving  strong  castings,  easily  tooled 
in  the  machine-shop;  the  latter  chilling  on  the  outside  when  cast, 
but  still  tough  within,  and  hence  suitable  for  car-wheel  mixtures. 
Both  of  these  classes  of  foundry-iron  command  higher  prices  than 
any  others.  If  it  be  practicable  to  make  either  at  will,  in  the  same 
blast-furnace,  out  of  the  same  ores,  and  without  such  incidental  dis- 
advantages (extravagant  fuel,  greatly  reduced  output,  irregularity 
of  furnace-work,  etc.),  as  would  outweigh  the  higher  market-price, 
the  fact  is  of  immense  importance,  and,  I  venture  to  say,  of  almost 
equal  novelty.  Mr.  Fackenthal's  observation  that  different  ore- 
mixtures  (apparently  apart  from  their  total  contents  in  iron,  silica 
and  bases)  do  behave  differently,  is  backed  by  too  much  evidence  to 
be  denied.  If  the  difficulty  he  describes  can  receive  a  new  and  sat- 
isfactory explanation,  or,  still  better,  a  practical  remedy,  it  is  not  too 
late  to  render  a  grand  service  to  American  blast-furnace  practice  by 
bringing  forward  the  true  solution.  For  I  notice  in  the  address  of 
President  Birkinbine,  delivered  at  the  present  meeting,  that  not- 
withstanding the  immense  increase  of  our  steel-manufacture,  the 
production  of  iron  for  other  purposes  has  kept  pace  with  it.  Even 
the  puddling-furnace,  the  obituary  of  which  has  been  so  often  writ- 
ten, dies  hard  ;  and  though  steel  will  doubtless  replace  wrought- iron 
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more  and  more,  the  domain  of  cast-iron  seems  to  be  impregnable. 
But  if  mill-irons  are  destined  to  an  ever-diminishing  demand,  and 
blast-furnaces  are  to  make  either  the  material  for  §teel  or  else  the 
foundry -grades  of  pig-iron  mainly,  it  will  be  more  important  than 
ever  to  know  how  to  control  the  constituents  and  qualities  of 
foundry-pig. 

The  matter  of  grade,  upon  which  Mr.  Fackenthal  lays  some 
stress,  has  been  mentioned  also  by  Mr.  Morris  and  Mr.  Knapp,  who 
criticize  the  rude  method  of  grading  iron  by  grain.  This  criticism 
has  been  frequently  made,  and  is,  to  a  certain  extent,  undoubtedly 
reasonable.  The  grain  of  pig-iron  is  a  physical  character  originating 
in  the  process  of  solidification,  and  ceasing  to  exist  at  the  moment 
of  any  subsequent  fusion.  Neither  in  the  hearth  of  the  bla-st-fur- 
nace  nor  in  the  ladle  of  the  foundry  can  it  be  conceived  that  '*  com- 
bined "  and  graphitic  carbon  exist  separately.  The  physical  charac- 
teristics developed  in  the  solid  pig  must  therefore  be  due  to  the 
temperature  of  the  molten  metal,  the  rate  at  which  it  is  cooled,  and 
the  influence  of  its  chemical  composition  upon  its  behavior  while 
cooling.  These  three  conditions  are  to  a  considerable  extent  mutu- 
ally interdependent.  The  temperature  in  the  hearth  affects  thechemical 
composition;  the  composition  affects  the  fluidity;  and  both  of  them 
affect  the  rate  of  cooling  under  given  circumstances.  Yet  that  rate 
may  be  changed,  nevertheless,  by  altering  the  conditions  of  cooling. 
As  everybody  knows,  a  foundry-pig  which  would  otherwise  be  closer 
in  grain  may  be  made  to  look  like  No.  1  by  covering  it  in  the  bed 
so  as  to  retard  cooling;  but  the  iron  becomes  none  the  better  for  that, 
as  the  foundry-man  finds  out  at  once  when  he  reraelts  it.  On  the 
other  hand,  when  a  pig-iron  is  intended  not  to  be  sent  to  customers 
accustomed  to  judge  by  the  grain  in  the  ordinary  way,  but  to  be 
u.sed  by  the  manufacturer  himself,  or  by  customers  judging  from 
analysis  (and  not  requiring  extra  weight  for  "sandage,"  if  there  be 
no  sand  !),  it  is  unquestionably  advantageous  to  cast  in  iron  moulds, 
getting  the  pig  clean.  It  may  not  look  as  well  by  the  market-stand- 
ard, but  it  is  none  the  worse  for  the  rapid  cooling  which  has  appar- 
ently injured  its  grain. 

The  grain,  then,  is  a  symptom  of  some  chemical  composition  which 
affects  the  behavior  of  the  pig  in  use,  whether  in  the  cupola  or  in 
the  puddling-furnace.  And  this  symptom  is  approximately  trust- 
worthy only  upon  the  assumption  of  jiractieal  uniforuiity  in  the 
conditions  of  manufacture ;  as,  for  instance,  the  practice  of  casting 
in  sand  or  loam.     In  fact,  it  is  only  for  furnaces  pursuing  similar 
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methods  and  using  similar  materials  that  grading  by  grain  is  an 
accurate  means  of  comparison.  The  skilled  furnace-man  does  not 
expect  the  same  grain  to  indicate  with  certainty  the  same  quality  in 
coke-,  anthracite-  and  charcoal-pig,  or  in  pig  made  with  cold,  warm, 
hot,  hotter  and  hottest  blast. 

Nevertheless,  for  a  given  furnace,  or  iron  of  a  given  class,  the 
qualities  of  which  are  familiar,  the  usefulness  of  the  grain,. as  a 
means  of  determining  by  instant  inspection  the  nature  of  the  pro- 
duct, cannot  be  denied.  Both  the  manager  and  the  purchaser  find 
it  so  convenient  that  it  is  not  likely  to  be  abandoned.  Even  if  all 
pig-iron  should  come  to  he  cast  in  chills — which  would  be  a  very 
good  thing — I  have  no  doubt  the  grain  would  still  be  found  legible 
as  an  inscription  of  quality,  though  the  handwriting  would  be  finer, 
and  the  language  a  new  one. 

I  do  not  propose  to  go  into  the  question  of  the  causes  which  affect 
the  grain  of  iron,  or  the  composition  which  they  may  indicate.  Our 
Transactions  contain  many  valuable  facts  and  suggestions  on  the 
subject,  which  is,  nevertheless,  by  no  means  yet  exhausted.  Besides 
the  interesting  papers  of  Mr.  Keep,  in  vols,  xvii.,  xviii.  and  xx., 
on  the  influence  of  different  elements  in  cast-iron,  I  would  refer 
members  to  Dr.  Dudley's  "  Notes  on  the  Constitution  of  Cast-iron," 
(xiv.,  795),  and  to  Dr.  Drown's  paper  "On  the  Condition  of  Carbon 
in  Gray  and  White  Pig-iron  "  (iii.,  41),  which  latter,  although  pub- 
lished seventeen  years  ago,  seems  to  me  to  have  lost  none  of  its 
force  and  value. 

I  wish,  however,  to  call  attention  to  a  probable  change  of  practice 
which  will  do  away,  perhaps,  with  most  of  the  delicate  problems  of 
science  and  skill  involved  in  the  running  of  the  blast-furnace. 
This  apparatus  is  noted  as  perhaps  at  once  the  rudest  and  the  most 
sensitive  of  the  means  employed  in  manufacture  on  a  large  scale. 
In  proportion  to  its  rudeness  and  sensitiveness,  it  has  always  called 
for  exceptional  skill  in  management.  By  skill,  I  mean  here  the 
acquired  aptitude  of  actual  practice,  including  the  recognition  and 
the  treatment  of  symptoms,  without  the  perfect  knowledge  of  their 
causes.  The  requirement  of  skill,  in  this  sense,  has  been  greatly 
diminished  by  the  work  of  chemists  and  engineers,  during  the  last 
few  years.  Many  of  the  subtle  difficulties  and  traditional  remedies 
of"  the  blast-furnace  practice  of  twenty  years  ago  are  practically 
obsolete  in  the  art  of  to-day,  with  its  rapid  running,  high  pressures 
and  temperatures,  immense  daily  product  and  adequate  machinery. 
But  tlie  hampering  condition  still  remains,  that  these  great  furnaces, 
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devouring  hundreds  of  tons  of  raw  material  and  producing  hundreds 
of  tons  of  pig-iron  and  slag  daily,  are  required  to  preserve  a  certain 
chemical  composition  of  product.  This  requirement  is  often  incon- 
sistent with  the  use  of  the  cheapest  ores,  the  maximum  economy  of 
fuel  and  the  maximum  product  of  iron.  In  other  words,  if  our 
blast-furnace  managers  were  ordered  to  produce  the  largest  practi- 
cable quantity  of  pig-iron,  no  matter  of  what  grade  or  quality,  at 
the  smallest  cost  for  ore,  flux,  fuel,  labor  and  repairs,  the  art  would 
be  not  only  simplified,  but  revolutionized. 

Now  this  is  what  has  happened  in  other  arts,  as  the  result  of  sci- 
entific improvement.  The  production  of  the  cruder  material  has 
been  immensely  cheapened  by  reducing  the  element  of  skill,  remov- 
ing to  a  great  extent  the  requirement  of  complicated  quality,  and 
leaving  to  subsequent  processes,  in  which  science,  rather  than 
skill,  plays  the  chief  part,  the  final  work  of  perfection  and  adap- 
tation. 

The  barbaric  method  (as  illustrated,  for  instance,  in  the  Japanese 
manufacture  of  steel)  consists  in  the  infinite  expenditure,  according 
to  received  traditions,  of  material,  time  and  labor ;  the  rejection  of 
the  greater  part  of  the  product ;  and  the  selection  of  that  part  which, 
by  happy  accident,  has  acquired  extraordinary  excellence.  The 
half-civilized  method  substitutes  more  and  more  skill  for  luck  and 
science  for  skill,  yet  still  waits  to  see  what  the  product  will  be,  and 
"  trades"  it  without  reference  to  what  it  was  intended  to  be.  The 
scientific  method  makes  what  it  started  to  make.  To  do  this,  it 
requires  to  know  and  to  govern  all  the  conditions  of  manufacture, 
including  the  exact  composition  of  materials.  If  this  knowledge 
and  control  cannot  be  easily  maintained  in  the  first  step  of  manu- 
facture, or  if  their  exercise  interferes  with  the  economical  operation 
of  that  stage  on  a  large  scale,  the  scientific  method  employs  that  part 
of  its  process  as  a  means  of  simplifying  the  conditions  for  future 
determination  and  control. 

Thus,  as  some  one  has  said,  if  it  be  desired  to  have  a  pint  of  milk 
in  a  pitcher  which  now  contains  a  larger  quantity,  it  is  easier  to 
attain  the  result  in  two  operations,  first  pouring  out  all  the  milk  and 
then  pouring  back  a  measured  pint,  than  to  try  at  one  operation  to 
pour  out  just  enough  to  leave  an  exact  pint.  An  apt  illustra- 
tion of  this  principle  is  given  by  Bessemer  and  open-hearth 
recarburization. 

This  is  the  nature  of  the  coming  improvement  which,  I  fancy, 
can  be  foreseen  in  blast-furnace  practice.     Namely,  I  think  that  fur- 
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naces  will  be  run  for  quantity  and  cheapness  of  product,  and  that 
quality  will  be  corrected  in  liquid  iron,  after  it  has  been  tapped. 
Specially  good  ores  may  still  have  a  definite  advantage,  as  yielding, 
under  the  conditions  of  economical  and  regular  furnace-work,  iron 
requiring  less  correction  of  composition  ;  and  certain  elements,  such 
as  phosphorus,  may  still  be  given  to  the  pig  in  high  proportion, 
when  desired,  by  the  choice  of  suitable  raw  materials ;  although, 
even  in  such  cases,  a  result  not  quite  up  to  specifications  will  involve, 
not  absolute  rejection,  but  only  such  a  reduction  in  price  as  will 
cover  the  necessary  correction. 

I  do  not  expect  such  a  revolution  to  occur  all  at  once,  or  even  to 
begin  to  affect  all  the  constituents  of  pig-iron  at  once.  The  indica- 
tions 9f  it  which  I  shall  briefly  enumerate  are  not  all  equally  clear ; 
and,  moreover,  their  effect  is  going  to  be  a  commercial  question, 
largely  dependent  upon  patent-fees.  Only  after  patents  have  ex- 
pired can  we  expect  to  see  in  these  directions  (as  we  have  seen  in  so 
many  others)  the  full  eifect  of  competition  and  improvement.  Never- 
theless, that  the  expectation  I  have  indicated  is  not  chimerical,  may 
be  fairly  inferred  from  the  following  mere  mention  of  more  or  less 
recent  improvements  : 

1.  The  feasibilitv  of  making  foundry-iron  out  of  lower  grades  by 
the  addition  of  ferro-silicon,  is  established. 

2.  It  is  equally  established  that  the  addition  of  ferro-phosphorus 
will  fit  for  the  basic  process  a  pig-iron  otherwise  suitable,  but  too 
low  in  phosphorus. 

3.  The  reduction  of  phosphorus  in  pig-iron  by  "  washing  "  is  well 
known. 

4.  It  is  easy  to  modify,  if  desired,  the  amount  of  carbon  in  pig- 
iron,  by  adding  other  iron  lower  in  carbon.  But  this  is  scarcely  ne- 
cessary. The  total  carbon,  as  Bell  has  shown,  does  not  greatly  vary, 
from  gray  to  white  pig,  and  in  any  event,  the  percentage  is  not  in- 
jurious to  any  of  the  uses  of  pig.  The  puddling-furnace,  the  con- 
verter, the  open-hearth  and  other  familiar  means  remove  carbon 
with  facility. 

5.  It  has  been  found  (first,  I  think,  at  Horde  in  Westphalia,  and 
by  accident,  connected  with  the  practice  of  bringing  molten  pig  a 
considerable  distance,  for  treatment  in  the  Bessemer  converter)  that 
pig-iron,  simply  standing  in  a  ladle,  desulphurizes  itself  to  a  surpris- 
ing degree — the  sulpliur  apparently  finding  its  way  to  the  surface 
and  burning  there. 

6.  Finally  (and  as  most  appropriate  to  the  present  discussion)  I 
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may  mention  the  invention  for  which  a  patent  has  been  granted  to 
Mr.  Talbot,  of  Chattanooga,  and  according  to  which  a  high-silicon 
pig  is  deprived  at  once  of  nearly  all  its  silicon  (reduced,  as  I  am  told, 
to  say  0.5  per  cent.,  at  most)  by  simply  pouring  it,  as  it  comes  from 
the  blast-furnace,  through  a  column  of  fragments  of  sufficiently  basic 
slag.  The  chemical  theory  of  the  reaction  is  reasonable.  The  basic 
slag,  containing  an  excess  of  oxide  of  iron,  furnishes  oxygen  to  the 
silicon  which  it  receives  from  the  molten  iron,  to  form  the  additional 
silica  it  requires,  and  contributes  in  return  the  iron  thus  reduced 
from  oxide.  This  proposition  is  clearly  not  absurd  ;  and,  moreover, 
the  operation  itself  cannot  be  expensive,  even  if  the  necessary  basic 
slag  must  be  manufactured  for  the  purpose.  I  understand  that  care- 
ful experiments  have  proved  its  eifectiveness.  No  doubt  its  eco- 
nomical sphere  and  its  technical  conditions  must  be  hereafter  deter- 
mined, even  if  it  be,  in  a  general  way,  unquestionably  successful ; 
but  it  seems  likely,  at  all  events,  to  prove  an  important  factor  in  the 
problem  of  making  low-silicon  pig-iron,  without  affecting  the  chemi- 
cal constitution  of  the  iron  in  other  particulars. 

The  foregoing,  with  other  developments  of  modern  practice  which 
could,  perhaps,  be  fairly  included  in  the  list,  seem  to  me  to  be  sig- 
nificant indications  of  the  future  scientific  method  of  controlling  the 
composition  of  pig-iron. 

T.  Guilford  Smith,  Buffalo,  N.  Y.  (Communication  to  the  Sec- 
retary) :  Since  one  branch  of  the  subject  of  low-silicon  iron  concerns 
the  use  of  chilling-iron  in  the  manufacture  of  car- wheels,  it  may  l)e 
pertinent  to  this  discussion,  and  also  interesting  to  members,  to  call 
attention  to  the  following  publications  by  Mr.  P.  H.  Griffin,  a  mem- 
ber of  the  Institute,  and  President  of  the  N.  Y.  Car-wheel  Works, 
at  Buffalo,  N.  Y.,  namely  :  The  American  Chilled  Car-  Wheel  "  3Ia- 
chined  "  (ISSd);  '' Ilachined"  Car- Wheels  {1890);  Recent  Improve- 
ments in  Car- Wheels  {Feb.  1891);  Sections  and  Ilechanical  Condi- 
tion of  Car- Wheels  (July,  1891);  The  Car-Wheel  Question  (ISdl) ; 
Brake-Service  and  Car -Wheels  {1892) ',  Chilled  Cast-Iron  vs.  Steel- 
Tired  Wheels,  1892. 
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BY  N.  M.  LANGDON,  PORT  HENRY,  N.  Y. 
(Lake  Champlain,  Plaltsburgh,  Meeting,  June,  1892.) 

The  calculation  of  slags  may  be  considered  under  three  cases : 
I.  A  certain  percentage  of  silica  is  required,  it  being  known,  in  a 
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general  way,  that  the  amount  of  other  slag-raaking  elements  present 
will  present  no  hindrance  to  the  formation  of  a  fusible  slag  with  that 
amount  of  silica. 

II.  The  slag  is  required  to  conform  to  a  general  type ;  that  is,  to 
have  a  certain  oxygen-ratio  of  bases  to  acid  (Si02). 

III.  The  slag  is  required  to  conform  to  a  specific  tyj)e ;  that  is, 
to  have  a  certain  oxygen-ratio  of  protoxide  (RO)  to  sesquioxide  (Rg 
O3)  bases,  as  well  as  of  total  bases  to  acid  (SiOj);  or  to  contain  cer- 
tain percentages  of  the  different  basic  and. acid  elements. 

Iron  blast-furnace  slags  may  be  considered  as  essentially  silicates 
of  alumina,  lime  and  magnesia  (with  manganous  oxide  when  man- 
ganiferous  ores  are  used);  while  cupola-  and  reverberatory-slags 
contain,  in  addition,  ferrous  oxide,  frequently  soda  and  potash,  and 
not  infrequently  baryta  also.  Other  elements,  such  as  sulphuric, 
phosphoric  and  titanic  acid  are  seldom  present  in  quantities  large 
enough  to  be  taken  into  consideration  in  slag  calculations. 

In  iron-smelting,  the  prime  consideration  in  the  selection  of  the 
materials,  apart  from  cost  per  unit  of  iron,  is  their  contents  of  phos- 
phorus and  sulphur,  the  presence  of  which,  in  excessive  quantity, 
deleteriously  affects  the  pig-iron  product.  This,  together  with  the 
circumstance  that  the  gangue  of  most  available  ore-mixtures  contains 
an  excess  of  the  acid  element,  silica  (the  limestone  flux  alone  con- 
taining an  excess  of  basic  elements),  usually  limits  the  formation  of 
such  slags  to  the  first  or  second  case  above  named.  Cupola-smelt- 
ing, however,  affords  more  latitude  in  the  selection  of  materials ;  and 
the  slag  may,  if  desirable,  be  considered  under  the  third  case. 

The  analyses  of  the  fuel,  ores  and  flux,  and  the  type,  or  percentage 
of  the  different  elements  of  the  required  slag  being  given,  the  calcu- 
lation of  the  proportion  of  ores  and  flux  may  be,  by  th^  following 
rules  and  with  the  aid  of  the  tables,  reduced  to  the  simplest  form, 
as  shown  by  the  '^''^amples  given  below. 

Case  I. 

Rule  1. —  To  find  the  percentage  of  limestone  or  flux  required  to 
produce  a  slag  having  a  given  'percentage  of  silica. 

From  table  A  select  the  constant  opposite  the  percentage  of  silica 
required  ;  multiply  it  by  the  silica  of  the  limestone  and  deduct  the 
product  from  the  sum  of  the  bases ;  the  remainder  will  be  the  avail- 
able base  of  the  limestone. 

Multiply  the  same  constant  by  the  silica  of  the  ore,  and  from  the 
product  deduct  the  sum  of  the  bases.     Divide  the  remainder  by  the 
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available  base  of  the  limestone  and  multiply  bv  100.  The  product 
will  be  the  percentage  of  limestone  required  to  flux  the  ore. 

Proceeding  with  the  fuel  in  the  same  manner  as  with  the  ore  will 
give  the  percentage  of  limestone  required  to  flux  the  fuel. 

Should  the  sum  of  the  bases  of  the  ore  or  fuel  equal  or  exceed  the 
product  of  the  constant  multiplied  by  the  silica,  it  would  be  shown 
that  they  were  self-fluxing  or  too  basic. 


Table  A. —  Constants  for  various  Percentages  of  Silica  required  in 
Slags — being  the  Percentage  of  Bases  Present  for  each  One  Per  Cent, 
of  Silica. 


Percentage 
of  SUica. 

Constant. 

1 

Percentage 
of  Silica. 

Constant. 

30 

2.33 

41.7 

1.40 

32 

2.13 

42 

1.38 

33^ 

2. 

42.9 

1.33 

34 

1.94 

44 

1.27 

35 

1.86 

45 

1.22 

36 

1.78 

46 

1.17 

37 

■    1.70 

1 

47 

1.13 

37i 

1.67 

48 

1.08 

38 

1.63 

48.8 

1.05 

40 

1.50 

50 

1. 

Example  1. — Find  from  the  following  analyses  the  percentage  of 
limestone  required  to  flux  the  fuel  and  an  ore-mixture  containing  one- 
half  of  ore  No.  2  and  one-quarter  each  of  ores  Nos.  1  and  3,  forming 
a  slag  that  shall  contain  33  J  per  cent  of  silica. 


Fe, 
P, 

S, 

AlA- 

CaO, 

MgO, 


Analyses. 

No.  1 

No.  2 

No.  3 

Coal. 

Ore. 

Ore. 

Ore. 

Limestone 

2.60 

60. 

63. 

60. 

1. 

.023 

.022 

.056 

.75 

.008 

.67. 

7. 

25. 

6. 

7. 

5.50 

2.60 

4. 

3. 

2. 

3.50 

.50 

1.98 

2.50 

5. 

31.58 

l.ol 

1. 

16. 
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Limestone. 

SiOa.  Bases. 

5.50  51.08 

Constant  of  33J  per  cent.  SiOj,         ...  2 

Deduct  from  bases,  .*....  ILOO  IL 

Available  base  in  limestone  =         ......     40.08 

Coal. 

SiOo.         Bases. 
7.  3.10 

Constant  of  33  J  per  cent.  Si02,         ....      2. 

14 
Deduct  bases, 3.10 

Base  required, 10.90 

10.90 

407)8  "^  ^^^  ^^  ^''■^  P^^  cent,  limestone  required  to  flux  the  coal. 

Ore-Mixtwe. 

SiOj.  Bases. 

}  No.  1  ore, 6.25  1.50 

J    "    2    " 3.  3.50 

J    "    3    " 1.75  2. 

11.  7. 

Constant  of  33J  per  cent.  S.Oj,        ....  2. 

22. 
Deduct  bases, 7. 

Base  required,        ...         ....         15. 

15 
■      '    X  100  =  37.4  per  cent  of  limestone  required  to  flax  the  ore-mixture. 

Example  2. — To  find  the  percentage  of  limestone  required  to  flux 
the  same  coal  and  ore-mixture,  to  form  a  slag  that  shall  contain  37 
per  cent,  silica. 

Constant  of 
SiOo.  37  per  cent.  Bases.  Available. 

From  Table  A. 

Limestone,     5.50         X         1.7        =        9.35  deducted  from  51.08      =      41.73 

Base 
Required. 

Coal,  7.  X         1.7        =        11.9  —  3.1      =         8.8 


X  100  =  21.1  per  cent,  limestone  required  for  the  coal. 

41.73  ^  ^ 


368  THE   CALCULATION    OF   SLAGS. 

Constant  of 
SiOa.  37  per  cent.  Bases.  Available. 

From  Table  A. 

Ore  mixture,  IL  X        1.7        =        18.7  —  7.      =        11.7 

11  7 

— '- —  X   100  =  28  per  cent,  limestone  required  for  the  ore. 
41.73 

Case  II. 

Slags  having  the  same  general  type,  that  is  the  same  oxygen-ratio 
of  bases  to  acid,  may  yet  differ  widely  in  the  percentage  of  their 
contents.  This  may  be  illustrated  by  the  following  analyses  of  two 
slags,  which  are  identical  in  type,  each  having  the  same  oxygen-ratio 
of  IJ  base  to  1  of  acid,  yet  vary  widely  in  the  percentage  of  their 
different  elements : 

No.  1.  No.  2. 

SiOj 30.80  26.31 

AlA. 24.20 

CaO, 40.70  73.69 

MgO, 4.30 


100.  100. 

As  a  certain  grade  or  character  of  iron  usually  follows  from  a 
certain  type  of  slag,  the  desirability  of  a  quick  and  simple  method 
for  calculating  the  mixture  for  producing  any  required  type,  espec- 
ially in  cases  where  changes  in  the  ore-mixture  are  frequent  will  be 
apparent. 

Rule  2.  To  find  the  per  cent,  of  limestone  required  to  prodxice  a 
slag  having  a  given  oxygen-ratio  of  bases  to  acid. 

Multiply  each  basic  element  of  the  limestone  by  its  constant  as 
given  in  Table  C;  divide  the  sum  of  the  products  by  the  oxygen- 
ratio  selected  from  Table  B  opposite  the  required  type  of  slag,  and 
from  the  quotient  deduct  the  silica.  The  remainder  will  be  the  per- 
centage of  silica  which  the  available  bases  from  the  limestone  will  flux. 

Proceed  in  the  same  way  with  the  ores  and  fuel,  except  that  the 
quotient  is  deducted  from  the  silica,  the  remainder  being  the  per- 
centage of  silica  requiring  to  be  fluxed. 

The  remainder  from  the  ore  or  fuel  divided  by  the  remainder  from 
the  limestone,  and  the  quotient  multiplied  by  100  will  be  the  per- 
centage of  limestone  required. 

Rule  3.  To  determine  the  general  type  or  oxygen-ratio  of  a  slag  of 
given  analysis. 
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Table  B. — Slag-Types. 


No. 


Names. 


f  Silicate. 


I  Silicate. 
Trisilicate. 


f  Silicate. 
Bisilicate. 


f  Silicate. 
Sesquisilicate. 


I  Silicate. 

\  Silicate. 

Normal  silicate 

Orthosilicate. 

Unisilicate. 

Singulosilicate. 

I  Silicate. 
Subsilicate. 


f  Silicate. 
Subsilicate, 

\  Silicate. 
Subsilicate. 


Sesquiacid. 

Neutral. 
Protobasic. 
Monobasic 


Sesquibasic, 
Bibasic. 


Tribasic. 


Formula. 


2R0  \ 
2  RjO  f 
2  R2O3 

rRO  1 
JR^O/ 
(RA 

U  R,0  / 
i4RA 

3R0  \ 

3RjO/ 

R2O3 

2R0  \ 
2R20i 
2  R2O3 

8R0  \ 

SRjO; 

8  R2O3 

3R0  \ 

3R2O/ 

R2O3 

4R0  1 
4R2O/ 
4Rsj03 


2SiOi 
6SiO. 

3®iO: 
9SiO, 

SiO, 
3SiO. 

3  SiO, 
9  SiO, 

2  SiO. 

2  SiO, 

SiO, 

3  SiO. 

3  SiO; 
9  SiOs 

SiO, 
SiO. 

SiO, 
3  SiO. 


■■§5 

MOO 

I     1 

1 

Fusi- 

l 

ble. 

1  * 

Quite 

fusible 

1  ^ 

Very 
fusible 

1  * 

Quite- 
fusible 

I ' 

Fairly 
fusible 

''       * 

[1 

Fusi- 

ble. 

[2 

Characteristics 
which  maybe  ex- 
pected of  the  iron 

accompanying. 


Dark  gray. 


Light  gray,  sha- 
ding to  mottled. 


White  and 
mottled. 


Mottled. 

Light  gray. 
Darker  gray. 
Dark  gray. 


Very  dark  open 
grain,  kishy. 


Very  kishy. 


Table  C. — Amount  of  Silica  saturated  by  1  of  Base  to  produce  a 

Normal  Silicate  {No.  6  of  Table  B). 

Oxygen-Ratio,  1:1. 


Alumina 

Lime 

Magnesia 

Manganous  oxide 

Ferrous  oxide 

Potash 

Soda 

VOL.  XXI. — 24 


A1203 

.874 

CaO 

.536 

MgO 

.750 

MnO 

.423 

FeO 

.417 

K2O 

.319 

Na^O 

.484 

Oxide  of  copper... 
Oxide  of  nickel... 

Baric  oxide 

Sulphuric  acid 

Titanic  acid 

Iron  sesquioxide.. 


CuO 
NiO 
BaO 
SO3 
Ti02 
Fe,0, 


.377 
.400 
.196 
.112 
.732 
.563 
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Multiply  each  basic  element  of  the  slag  by  its  constant  in  Table 
C,  and  divide  the  sum  of  the  products  by  the  silica.  The  quotient 
will  be  the  oxygen-ratio  of  bases  to  1  of  acid,  and  the  type  may  be 
found  by  referring  to  Table  B. 

Rule  4.  To  resolve  a  slag  given  by  its  formula,  into  the  percentage 
of  its  elements. 

Multiply  the  parts  of  each  element  present  by  its  molecular 
weight;  divide  each  product  by  the  sum  of  the  products  and  multi- 
ply by  100.  The  final  products  will  show  the  percentage  of  each 
element. 

Rule  5.  To  determine  the  specific  formula  of  a  slag,  analysis  of 
which  is  given. 

Multiply  the  per  cent,  of  each  basic  element  of  the  slag  by  its 
constant  from  Table  C,  and  divide  by  the  per  cent,  of  silica.  The 
quotients  will  be  the  oxygen-ratio  of  the  several  elements  to  1  of 
silica,  from  which  the  formula  may  be  constructed. 

Example  3. — From  the  analyses  of  ore.s,  limestone  and  fuel  already 
given,  find  the  percentage  of  limestone  required  lo  flux  the  same  fuel 
and  ore-mixture  as  in  example  1,  to  form  a  slag  of  type  No.  3, 
Table  B.     Oxygen-ratio  |. 

By  Rule  2. — Limestone. 


Per  cent. 

Constant. 

Oxygen- 
ratio. 

A],03,        . 

3.50       X 

.874     = 

3.06 

CaO, 

31.58     X 

.536     = 

16.93 

MgO, 

16          X 

.750    = 

12.    3].99-T-^  =  63.9S 

SiO,, 

5.50 

5.50 

Percentage  of  silica  which  the  avaihible  bases  will  flux,      .         58.48 

Ore. 

Oxygen- 
Per  cent.  Constant.  ratio. 

AlA.        .        .        3.  X        .874    =    2.622 

CaO,  .        .        3.  X         .536     =     1.608 

MgO,         .        .        1.  X        .750    =      .750  4.980-5-^  =  9.96 


SiOj,  .        .        11.        —      9.96      =      1.04 

1.04  -^'58.48  X  100=  1.78,  the  percentage  of  limestone  required  to  flux  the  ore 
mixture. 

Fuel. 


Per  cent. 

Constant. 

Oxygen- 
ratio. 

AlA,        • 

2.6         X 

.874     = 

2.27 

CaO, 

.5         X 

.536     = 

.27    2.54  -^  ^  =  5.08 

SiOj, 

7.          — 

5.08      = 

1.92 

1.92  -^  58.48  =;  3.28,  the  percentage  of  limestone  required  to  flux  the  fuel. 


THE    CALCULATION    OF   SLAGS.  371 

Example  4.  To  what  type  does  the  following  slag  belong? 

Analysis. 

Si02, 58.42 

AiPa, 16.10 

CaO 18.74 

MgO 6.74 

100. 
By  KuLE  .3.   16.10  X  .874  =  14.07 
18.74  X  .536  =  10.04 
6  74  X  .750  =  5.05 

29.16  -7-  58.42  :^  .5  or  J  which,  on  referring  lo 

Table  B  is  found  to  be  the  oxygen  ratio  of  ty|ie 
No.  3,  or  a  bisilicate. 

Case  IIL 

E-ULE  6.  lo  find  from  the  analyses  of  different  ores,  flux  and  fuel, 
a  mixture  that  will  produce  a  given  speeific  slag. 

The  analyses  of  the  required  slag  should  be  grouped  into  its  acid, 
sesquioxide  and  protoxide  basic  elements;  and  the  protoxide  bases 
may  again  be  divided  into  their  metallic  and  earthy  elements;  and 
the  percentage  of  each  group  represented  by  the  letters  a,  b,  c,  etc. 

The  slag-making  elements  of  the  quantity  of  fuel  required  to  smelt 
a  given  class  of  ores  (say  a  certain  percentage  of  the  weight  of  the 
charge  of  ore  and  flux,  approximated  as  closely  as  possible)  should 
be  added,  like  to  like,  to  each  of  the  ores  and  fluxes  proposed  to  be 
used,  which  should  then  be  grouped  in  the  same  manner  as  the  re- 
quired slag,  and  the  percentage  of  the  elements  represented  by  the 
letters  a',  6',  c',  «",  6",  c",  etc. 

Should  the  required  slag  be  selected  by  its  formula  it  should  be 
reduced  to  percentages  by  Rule  4. 

Let  the  letters  x,  y,  z,  etc.,  represent  respectively  the  percentage 
of  each  of  the  several  groups  required  to  form  the  slag. 

Equations  may  then  be  produced  as  follows: 

(1.)  (2.)  (3.) 

a'x     "I         6'z     ]  a^x      ]         c'x     ]  b'x     1        c^x    ]         , 

a'"z   \   ~h"'z   \  ^  ,  a"'z   I    —c"'z   \^~  h"'z   \    —  c"'z  \  ^ 

etc.    J  etc.    J  etc.    J  etc.    J      '^  etc.    J         etc.  J        ^ 

Reducing  and  finding  the  value  of  a:,  y  and  z,  etc.,  the  percentage 
of  each  of  the  several  groups  required  is  found,  which  together 
with  the  percentage  of  fuel  assumed,  will  produce  the  slag  re- 
quired 
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Exam])le  5. — From  the  following  analyses  of  fuel,  ores  and  flux 
find  the  proportion  of  each  required  to  produce  a  slag  contain- 
ing : 

CaO 2L37  per  cent.  =  a. 

FeO, 18.37        "        =6. 

AI2O3, 21.37         "         =c. 

SiO,, 38.89        "        =d. 

assuming  the  charge  to  require  10  per  cent,  of  fuel  for  smelting. 

Analyses. 

AlA, 

CaO, 

FeO, 

Assuming  that  10  per  cent,  of  the  weight  of  the  ore  and  flux  would 
be  sufficient  fuel  for  smelting  and  adding  this  amount  to  each  of  the 
ores  and  limestone  and  grouping  we  have  : 

Group.                                        CaO.  FeO.               AUOs.                SiOz. 

1.  Siliceous  (acid,)  No.  1  Ore,  10.  =  a'  3.1  =  ¥        4.2  =  c'  40.7  =  d' 

2.  Aluminous  (basic,)  No.  2"       3.  =  a'^  4.1=6'^  20.2  =  c'^  10.7  =d'^ 

3.  Metallic          "       No.  3 "       A.  =  a'''  ZO.\=y     1fl  =  c"'      &n  =  d"' 

4.  Earthy            "    Limestone,  50.  =a'»  .1  =  6''       2.2  =  «*'        3.7  =d''' 

Representing  the  proportions  of  groups  1,  2,  3  and  4,  required  by 

the  letters  x^  y,  z  and  iv  ;  and  to  simplify  the  operation,  assuming 
w  =  unity  we  have  equations  as  follows  : 

(I.)  (2.) 

lOx  ]  3.1x  1  ^  lOx  1  4.2x 

Sy      __    4.1?/ 
42   [   ^30. 


uel. 

No.  1  Ore. 

No.  2  Ore. 

No.  3  Ore. 

Limestone, 

7. 

40. 

10. 

6. 

3. 

2. 

4. 

20. 

2. 

2. 

10. 

3. 

4. 

50. 

1. 

3. 

4. 

30. 

50    J 


.1    J  ^  50    J  2.2    J  ^  ^ 


(3.) 
lOz 


lOz   1        40.7a;  1 

3y       _10.7j        /2L37_55\ 

42    r  ~   6.72   l  ^  V  38.89  ~/ 
50     J  3.7    J 

Reducing  eq.  (1)  we  have  x  =  .217y  +  4.844z — 7.794  .         (4). 

Substituting  in  eq.  (2)  the  value  of  x  and  reducing,  y  = 
1.9172 +  .167  (5). 

Substituting  in  eq.  (3)  the  values  of  x  and  y  and  reducing, 
z=z2 '.        (6). 
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Substituting  in  eq.  (5)  the  value  of  z  and  reducing,^  =4.         (7). 

Substituting  in  eq.  (4)  the  values   of  y  and  z  and  reduc- 
ing, x  =  Z (8). 

We  now  have  the  values  of  x,  y,  z  with  w  as  unity  and  may  find 
their  true  value  as  follows  : 


Proof: 


=  3   1 

30  per  cent,  of  No.  1  Group 

^t    ^  X  ^^^ 

40          "            "       2 

—  20         "             "       3 

10          "             "       4 

10 
to  which  add  10  per  cent,  of  fuel. 


30  per  cent.  No.  1  Group,  =: 


40 

(I 

"    2 

20 

(( 

"    3 

10 

(( 

"    4 

10 

u 

fuel, 

CaO. 
3. 

FeO. 
.9 

AI2O3. 
1.2 

SiOa. 
12. 

1.2 

1.6 

8. 

4. 

.8 

6. 

.4 

1.2 

5. 

.0 

.2 

.3 

.1 

.2 

.7 

10. 


5.6      10. 


18.2 


CaO 
FeO 
AlA 
SiO, 


10. 


8.6  !    ^  100 


10.    I 
18.2  J 

46.8 


46.8 


Per  cent. 
21.37 
18.37 
21.37 
38.89 


The  slag  may  be  reduced  to  its  oxygen-ratio  and  formula  by  rule 
3,  as  follows : 


Constant 
from  Table  C. 


Analysis. 
:;aO     21.3 
FeO     18.37  X     .417  =    7.654 


CaO     21.37  X     .536  =  11.454  1 


Oxygen-ratio  to  1  of  Silica. 
.295 


AJA  21.37  X     .874  =  18.677   f  "^  ^^"^^  =  i?J   r  °'''  ""^^'^^^ 
SiO»    38.89  X  '  -^^^ 


CaO, 
8 


FeO. 
2 


AI2O3. 
5 


SiOg. 
10 


from  which  may  be  constructed  the  formula : 

9  CaO,    6  FeO,     5  AlA.     15  SiOj 


In  reducing  the  equations,  should  any  of  the  values  x,  y,  z,  etc., 
have  negative  indices,  it  would  be  shown  that  the  formation  of  the 
required  slag  from  the  groups  as  formed  is  impossible. 
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NOTE  ON  BOILEB- EXPLOSIONS. 

BY  PROF.   WILLIAM  P.    MASON,   TROY,    N.    Y, 
(Lake  Champlain,  Plattsburgh,  Meeting,  June,  1892.) 

For  reasons  unnecessary  to  enter  into  here,  I  was  called  upon  to 
contradict  the  statement  that  "  closed  metallic  vessels,  partly  filled 
with  water  and  heated,  do  not  become  shattered  by  violent  explosion? 
but  simply  rupture  by  over-pressure;"  and  the  following  experi- 
mental results  were  obtained  in  support  of  my  position  : 

A  piece  of  drawn  brass  tubing  (telescope-tubing)  IJ  inches  in 
diameter  and  15  inches  long  was  closed  at  both  ends  by  screwing  on 
heavy  caps  of  bronze.  Before  closing  the  second  end  the  vessel  was 
half  filled  with  river  water,  the  cap  was  then  screwed  on,  and  the 
closed  vessel  was  supported  upon  two  iron  anvils,  and  heated  in  the 
interval  between  the  supports  by  a  large  Biinsen  lamp.  The  result- 
ing explosion  (which  was  due  to  over-pressure  only  and  not  to  any 
more  occult  cause)  was  exceedingly  violent.  No  small  damage  was 
done  to  the  room  in  which  the  experiment  was  undertaken ;  and  the 
noise  was  like  that  of  a  cannon.  Those  of  the  pieces  which  could  be 
recovered  are  shown  in  FIp;.  1. 

Upon  examining  the  wreck,  it  was  noticed  that  one  of  the  heavy 
bronze  end-caps  had  preserved  its  circular  section  and  still  con- 
tained that  portion  of  the  barrel  of  the  tube  which  had  been  screwed 
into  it,  while  the  other  end-cap  contained  no  portion  of  the  tube,  and 
was  moreover  sprung  into  a  shape  more  or  less  elliptical,  as  if  from 
excessive  lateral  strain.  It  was  also  observed  that  the  large  pieces 
of  the  shattered  boiler  predominated  towards  the  end  which  had 
been  closed  by  the  un-sprung  end-cap.  The  reasonable  explanation, 
in  view  of  the  facts,  was,  that  over-pressure  had  caused  the  boiler 
to  yield  through  the  screw-threads  at  A  B,  Fig.  2,  and  the  right- 
hand  end-cap  had  blown  off,  thus  leaving  the  boiler  half  filled  with 
water,  greatly  super-heated  for  the  new  (atmospheric)  pressure  to 
which  it  was  suddenly  reduced;  that  this  water  had  consequently 
sprung  instantly  into  steam  with  dynamite  effect,  shattering  the  tube 
and  springing  the  remaining  end-cap.  The  large  pieces  would  be 
expected  at  the  open  end  of  the  boiler,  as  at  that  point  the  "tamp- 
ing" would  have  been  that  of  the  atmosphere  only.  This  explanation 
assumes  a  rupture  to  have  been  caused  by  gradually  increased  pres- 
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sure,  and  an  explosion  to  have  resulted  from  such  rupture  on  ac- 


FlG.  1. 


Fig.  3. 


Fragments  of  exploded  brass  tube, 
arranged   approximately  in  the   posi-         Fragments  of  exploded  tube,  previously 

tions   occupied   before  explosion,  the  weakened  near  right-hand  end,  arranged 

bronze  caps  being  shown  at  the  ends.  approximately  in  orginal  position. 
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count  of  instantaneous  and   material  reduction  of  such  pressure, 
leaving  the  water  violently  super-heated. 

Another  tube-boiler  was  then  constructed,  in  all  respects  similar 
to  the  first  one,  except  that  a  cut  was  made  around  the  barrel  at  C 
D,  Fig.  2,  a  little  deeper  than  the  screw-threads,  thus  making  this 
point  the  weakest  part  of  the  boiler.  The  right-hand  end  was  then 
tilted  somewhat,  so  as  to  keep  the  water  entirely  in  that  portion  to 
the  left  of  C  D,  and  the  heating  was  conducted  as  before.  If  the  ex- 
planation of  the  facts  obtained  in  the  first  experiment  was  correct, 
it  was  expected  that  this  second  boiler  would  rupture  along  C  D, 
and  that  the  right  hand  portion,  containing  no  water,  would  not  be 
shattered,  but  that  the  left-hand  part  would  be  destroyed.  Inspec- 
tion of  Fig.  3  will  show  how  completely  these  expectations  were 


Fis:.  2. 


m 


Section  of  that  part  of  tube  (Fig.  1)  in  wliich  initial  rupture  probably  occurred. 


fulfilled,  and  how  clearly  the  case  comes  under  the  already  advanced 
"  Geyser  theory  "  of  boiler-explosions.  Arrangements  have  not  yet 
been  completed  for  obtaining  photographs  of  the  boiler  during  the 
instant  following  the  rupture  and  preceding  the  explosion,  but  it  is 
hoped  that  such  photographs  may  shortly  be  obtained. 

In  the  light  of  the  results  so  far  obtained,  the  thought  presented 
itself  that  for  such  a  closed  vessel,  heated  under  conditions  which 
were  constant,  it  would  be  possible  to  produce  a  rupture  too  small 
in  area  to  reduce  the  pressure  to  atmospheric  pressure  with  sufficient 
suddenness  to  cause  the  whole  body  of  water  to  spring  into  steam, 
and  thus  a  "  blow-off"  would  be  instituted  in  place  of  an  explosion  ; 
and  it  was  also  thought  that  by  increasing  the  area  of  the  artificial 
rupture  (keeping  all  other  conditions  constant)  the  intensity  of  the 
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"blow-off"  would  increase  until  the  "fatal"  area  of  rupture  was 
reached,  at  which  time  explosion  would  ensue. 

In  order  to  test  this  point,  a  brass  tube  was  taken  as  before  (see 
Fig.  4),  and  a  heavy  brass  end-plate,  A,  was  screwed  into  one  end. 
'J'hrough  this  end-plate  was  drilled  a  hole  of  known  diameter,  in- 
tended to  become  afterwards  the  artificial  rupture.  A  heavy  brass 
cap,  B,  having  a  1-inch  opening,  was  screwed  upon  the  end  so  as  to 
leave  an  empty  chamber  half  an  inch  long  outside  of  the  "end-plate." 
A  piece  of  sheet-copper  was  laid  against  the  outside  of  this  cap  and 
held  in  place  by  a  second  cap,  also  having  a  1-inch  opening.  Upon 
heating  this  apparatus,  the  steam-pressure  blew  out  a  circle  of  cop- 


Section  of  Experimental  Tube-Boiler  Provided  with  Artificial-Rupture  Hole. 

per-sheathing  1  inch  in  diameter  as  cleanly  as  if  it  had  been  re- 
moved by  a  stamp,  and  the  hole  in  the  end-plate  was  thus  suddenly 
exposed. 

At  first  a  jlg-inch  hole  was  used  for  the  artificial  rupture,  and  the 
"  blow-off"  resulting  did  not  move  the  boiler  from  its  anvil  sup- 
ports. A  tool  was  then  run  through  the  end-plate,  slightly  enlarg- 
ing the  "artificial-rupture"  hole;  a  new  piece  of  sheet-copper  of 
standard  thickness  was  replaced  between  the  caps,  and  the  experi- 
ment was  repeated.  More  violent  results  were  obtained.  The  ex- 
periment was  repeated  many  times,  the  conditions  being  maintained 
constant,  except  that  the  hole  in  the  end-plate  was  gradually  enlarged. 
At  first  the  "  blow-offs  "  were  comparatively  mild  in  character,  but 
with  the  increase  in  area  of  the  end-plate  hole,  the  reaction  or  "  kick  " 
became  more  and  more  violent,  causing  the  boiler  to  pass  through 
the  wooden  planking  with  which  it  was  surrounded.  After  the  hole 
had  reached  a  |-inch  diameter,  the  boiler  was  commonly  so  injured 
by  striking  against  surrounding  obstacles  as  to  require  a  new  outfit 
for  each  increase  in  size  of  rupture,  thus  rendering  the  experiment 
both  slow  and  costly.  The  "fatal  rupture"  for  this  boiler  has  not 
as  yet  been  fixed  ;  but  that  it  has  a  definite  value,  and  is  less  than 
1|  inches  in  diameter,  is  a  belief  justified  by  the  results  obtained. 
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NOTE  ON  THE  MAGNETIC  SEPARATION  OF  IRON-OBE 

AT  THE  SANIORD  ORE-BED,  MORIAH,  ESSEX 

COUNTY,  N  Y.,  IN  1852. 

BY  "WILLIAM  P.    BLAKE,  NEW  HAVEN,  CONN. 

(Lake  Champlain,  Plattsburgh,  Meeting,  June,  1892.) 

In  my  short  "  Contribution  to  the  Early  History  of  the  Industry 
of"  Phosphate  of  Lime  in  the  United  States,"*  mention  is  made  of 
the  erection  by  Dr.  Emmons  and  myself  of  a  magnetic  machine  for 
the  removal  of  iron-ore  from  the  so-called  "  red  sand,"  a  granular 
form  of  apatite.  At  the  time  of  writing,  it  was  not  possible  to  refer 
to  my  diary  and  notes,  and  the  general  statements  were  made  from 
recollection.  The  subject  seems  to  have  special  interest  at  this  time, 
by  reason  of  the  many  forms  of  machines  now  being  introduced  and 
patented  for  similar  purposes;  and,  having  received  letters  of  in- 
quiry for  further  details,  I  have  availed  myself  of  the  opportunity, 
when  recently  at  home  for  a  few  days,  to  refer  to  the  original  notes 
and  records  made  by  me  in  1852,  when  living  at  Crown  Point  and 
Moriah,  on  Lake  Champlain. 

The  machine  mentioned  in  my  former  communication  was  pur- 
chased of  Ransom  Cook,  of  Vermont.  It  arrived,  and  was  un- 
loaded from  the  boat  and  taken  part  way  up  to  the  mine,  on  October 
18,  1852.  The  weight  was  1400  pounds  and  the  cost  $1200.  It 
was  constructed,  not  with  permanent  magnets  but  with  electro-mag- 
nets. It  was  set  up  and  first  turned  by  hand  on  October  28th,  using 
twelve  battery-cups  or  cells,  the  connections  being  made  with  wires 
in  small  cups  of  quicksilver.  The  magnets  were  not  sufficiently 
strong,  and  the  machine  did  not  work  well.  More  batteries  were 
sent  for,  and  the  machine  was  started  with  steam-power  on  Novem- 
ber 6th. 

The  ore  was  dried  in  kilns,  then  put  through  a  coffee-mill  crusher 
or  grinder,  and  then  fed  upon  the  leather  belt  which  carried  it  under 
the  magnets.  Many  experimental  runs  were  made,  and  some  diffi- 
culties were  overcome,  before  December  21st,  when  the  record  states 
that  the  machine  was  working  pretty  well,  using  24  cells  and  giving 
a  product  of  from  3  to  5  tons  a  day  of  granular  phosphate.    The  ori- 

*  Page  157  of  the  present  volume. 
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ginal  material  contained  about  20  per  cent,  of  iron-ore.  In  this  work 
we  sought  to  use  the  lowest  grade  of  iron-ore  containing  the  highest 
percentage  of  the  phosphate  of  lime. 

At  one  time,  36  battery  cells  were  used.  The  strength  of  the 
magnets  was  unequal,  and  the  connections  did  not  appear  to  be  good. 
The  belt  was  uneven  in  its  tension  and  had  to  be  kept  up  against 
the  magnets  by  a  roller  on  one  side  of  the  line  of  magnets,  and  a 
fixed  straight  ridge  of  wood  on  the  other.  Both  the  belt  and  the 
magnets  showed  rapid  wear.  A  brush  was  necessary  to  secure  com- 
plete delivery  of  the  iron.  The  dust  was  oppressive  and  no  provi- 
sion seems  to  have  been  made  for  its  removal,  though  one  was  de- 
vised and  drawn.  The  agitation  of  the  mixed  ore  was  found  to  be 
important  as  the  separation  was  much  more  thorough  when  the 
charge  was  stirred. 

Although  the  operation  of  this  machine  could  only  be  regarded  as 
partially  successful,  the  proprietors  of  the  ore-bed  were  desirous  of 
contracting  with  the  works  for  5000  tons  of  cleaned  iron-ore. 


THE  MAKING  OF  SPECIFICATION'S  FOB  STBVCTURAL 
MATERIALS. 

BY  CHAS.  B.  DUDLEY,  PH.D.,  CHEMIST,  PENNSYLVANIA  RAILROAD  COMPANY, 

ALTOONA,   PA. 

(Lake  Champlain,  Plattsburgh,  Meeting,  June,  1892.) 

In  view  of  various  papers  and  discussion^;,  at  recent  meetings  of 
the  Institute,  upon  testing,  methods  of  testing,  inspectors,  inspec- 
tion and  specifications,  it  has  occurred  to  me  that  my  experience  of 
some  fifteen  years,  in  the  making  and  enforcement  of  specifications, 
in  connection  with  the  Motive  Power  Department  of  the  Pennsyl- 
vania Railroad,  might  give  some  value  to  the  few  suggestions  offered 
in  this  paper. 

There  is  friction,  not  to  say  antagonism,  between  the  producers 
and  the  consumers  of  structural  materials.  On  the  one  hand,  the 
producers  complain  of  the  severity  of  inspection,  or  the  lack  of  knowl- 
edge and  want  of  good  judgment  on  the  part  of  inspectors,  and, 
indeed,  have  gone  so  far  as  to  suggest  the  abolition  of  the  whole 
scheme  of  inspecting  and  testing  materials.  On  the  other  hand,  the 
consumers  are,  apparently,  more  and   more  relying  on  specifications 
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and  inspecting  of  materials,  as  a  means  of  securing  what  they  want, 
and  seem  to  regard  the  producers  as  possibly  trying  to  put  upon 
them  inferior  material  at  the  price  of  good  material.  It  is  evident 
that  the  specification  is  the  starting-point.  If  the  specification  is 
wrong,  it  is  not  surprising  that  the  whole  proceeding  should  be  un- 
satisfactory. 

For  instance,  if  the  specification  requires  what  cannot  be  done 
except  under  extraordinary  conditions,  there  is  clearly  just  ground 
for  complaint  on  the  part  of  the  producer.  It  may  be  said  that  a 
man  should  not  take  a  contract  under  a  specification  which  he  can- 
not fill,  and  that  he  is  to  blame  in  promising  what  could  be  per- 
formed under  extraordinary  conditions  only.  But  under  the  stress 
of  competition,  and  the  necessity  for  keeping  works  going,  such  con- 
siderations have  little  weight.  While  competition  is  as  severe  as 
now,  and  the  responsibility  of  managers  at  the  head  of  large  works, 
to  their  labor  and  to  their  stockholders,  is  as  great  as  now,  contracts 
will  be  taken,  no  matter  what  the  terms  of  the  specification.  The 
remedy  will  have  to  be  found  in  another  way,  than  by  the  refusal  of 
producers  to  contract  under  over-severe  specifications.  But,  on  the 
other  hand,  if  the  specification  is  right  and  reasonable,  there  can  be 
no  proper  cause  for  the  evasion  of  its  conditions,  or  complaint  of 
their  fair  enforcement  by  inspection. 

As  will  appear  below,  I  think  much  of  the  difficulty  between  pro- 
ducers and  consumers  is  due  to  bad  specifications.  In  a  series  of 
articles  now  being  published  in  the  Railroad  and  Engineering  Jour- 
nal, of  New  York  City,  I  have  tried  to  give  instructions  how  to  make 
specifications  for  many  commercial  products,  as  well  as  for  structu- 
ral materials.  Perhaps  this  additional  and  narrower  treatment  of 
the  subject  will  not  be  too  much,  in  view  of  the  interests  involved, 
and  of  the  present  attention  of  engineers  to  the  matter. 

There  is  undoubtedly  much  difference  of  opinion  as  to  the  scope 
and  function  of  specifications.  Many  of  those  who  draw  up  such 
documents  apparently  think  they  are  designed,  first,  to  show  how 
much  the  authors  know  on  the  subject,  and  secondly,  to  pinch,  as  much 
as  possible,  the  manufacturer  who  is  to  furnish  the  product.  I  have 
read  many  specifications  which  seemed  to  have  no  other  reason  for 
existence.  It  is  needless  to  say  that  a  specification  made  in  this 
way  is  worse  than  worthless,  since  it  simply  produces  irritation,  and 
actually  thwarts  the  purpose  for  which  it  was  designed.  On  the 
other  hand,  some  producers,  perhaps,  regard  specifications  as  a  means 
of  describing  material  that  they  are,  but  their  competitors  are  not, 
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capable  of  furnishing.  We  have  encountered  raany  manufacturers 
who  wanted  clauses  introduced  into  specifications,  which  they  knew 
they  were  able  to  meet,  owing  to  some  peculiar  local  advantage,  and 
which  it  was  quite  evident  that  others,  not  so  situated,  would  not  be 
able  to  meet.  A  good  example  was  furnished  by  an  oil-refiner,  who 
was  criticising  our  proposed  specifications  for  petroleum-products, 
and  wanted  us  to  introduce  a  clause  that  only  Pennsylvania  petro- 
leum should  be  used  in  making  such  products  for  the  use  of  the 
Pennsylvania  Railroad  Company.  Many  illustrations  equally  absurd 
could  be  cited  from  our  experience  during  the  last  ten  or  fifteen 
years. 

It  is  quite  evident  that  no  such  view  of  the  function  of  a  speci- 
fication as  either  of  the  foregoing  can  be  entertained.  A  specifica- 
tion is  something  more  than  a  place  to  show  how  much  the  man  who 
writes  the  specification  knows ;  it  is  something  more  than  an  effort 
simply  to  pinch  the  manufacturer;  it  is  something  more  than  an 
attempt  to  keep  ahead  of  competitors  in  business.  If  it  rests  on 
no  firm  and  equitable  foundation,  it  had  better  not  exist. 

The  legitimate  function  of  the  specification  can  be  covered  in  two 
sentences : 

First,  it  is  an  effort  on  the  part  of  the  consumer  to  tell  the  pro- 
ducer what  he  wants. 

Secondly,  it  is  of  the  nature  of  a  contract,  equally  binding  both  the 
consumer  and  producer  to  its  provisions. 

I  have  not  yet  encountered  any  conditions,  arising  in  the  making 
and  enforcement  of  specifications,  not  comprehended  under  these 
two  general  views.  In  this  light,  the  making  of  a  specification  for 
structural  material  clearly  involves,  first,  a  knowledge  of  what  is 
wanted,  on  the  part  of  the  man  who  makes  the  specification ;  and 
secondly,  an  agreement,  after  consultation  with  the  one  who  is  to 
furnish  the  materials,  as  to  limitations,  methods  of  test,  methods  of 
delivery,  and  in  general  all  the  details  that  make  the  specification 
practicable  without  too  great  hardship  or  annoyance  to  the  one  who 
is  to  furnish,  or  too  great  delay,,  trouble,  or  expense  in  testing,  to  the 
one  who  is  to  receive,,  the  materials. 

The  making  of  specifications  which  will  conform  to  these  two  re- 
quirements is  not  at  all  a  simple  matter.  It  is  not  easy  to  get  the 
information  which  enables  one  to  say  actually  what  one  does  want ; 
and  again  it  is  not  at  all  easy  to  arrange  the  necessary  details  with, 
the  manufacturers,  in  such  a  way  as  to  secure  the  material  that  is 
desired,  with  fairness  to  both  parties,  as  above  indicated.     The  diffif 
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culty  of  getting  information,  and  the  sources  from  which  it  is  to  be 
obtained,  will  be  treated  a  little  farther  on.  The  difficulty  of  avoid- 
ing hardship  to  manufacturers,  will  be  evident  when  it  is  consid- 
ered that  inspection  and  tests  of  any  kind  are  apt  to  interfere  with 
the  smooth  running  of  a  mill,  and  that,  if  the  requirements  of  a 
specification  are  such  that  the  output  is  seriously  interfered  with,  it 
is  obvious  there  will  be  more  or  less  friction.  Moreover,  it  not  in- 
frequently happens  that  the  limitations  in  the  proposed  specification 
can  be  met  by  the  utmost  care  on  the  part  of  the  mill  in  every 
respect,  but  that,  as  the  mill  ordinarily  works,  and  with  such  labor 
as  must  necessarily  be  employed,  especially  if  this  labor  is  paid  by 
piece-work,  the  usual  output  of  the  mill  will  not  be  obtained.  A 
case  in  point  is  a  recent  specification  prepared  on  the  Pennsylvania 
Railroad,  in  regard  to  boiler-plate.  It  is  well  known  that  boiler- 
plate is  bought  and  sold  by  the  pound,  and  that  it  is  rolled  on 
specifications  as  to  size  and  thickness,  among  other  things.  Some 
manufacturers  who  have  poor  mills,  and  who  are  careless  in  their 
work,  send  plates  that  weigh  from  15  to  20  per  cent,  above  what 
they  should,  in  accordance  with  the  dimensions;  while  others  send 
plates  only  5  to  8  per  cent,  over  weight.  If  now  the  specification  is 
such  that  it  is  just  possible  to  fill  the  requirements  by  the  utmost 
care  on  the  part  of  the  mill,  and  that  most  of  the  plates  turned  out 
by  the  mill  will  exceed  the  specification  more  or  less,  it  is  clear  there 
might  be  just  ground  for  complaint,  and  actual  hardship.  The  same 
reasoning  applies  more  or  less  to  all  the  limitations  of  the  specifica- 
tions, and  need  not  be  farther  illustrated. 

The  difficulty  of  making  a  specification,  on  the  other  hand,  which 
will  not  be  an  annoyance  to  the  party  who  receives  the  materials  is 
still  greater.  It  is  perhaps  not  too  much  to  say  that  we  have,  many 
times  in  the  course  of  the  past  ten  or  fifteen  years,  failed  to  embody 
extremely  desirable  clauses  or  tests  in  our  specifications,  simply  be- 
cause the  introduction  of  these  clauses  or  tests,  while  they  would 
secure  a  better  material,  would  make  the  specification  impracticable, 
on  account  of  the  difficulty  of  enforcing  these  clauses  or  tests,  with- 
out too  great  delay  or  expense.  A  case  in  point  is  the  specification  for 
locomotive  tires.  A  tire  weighs  anywhere  from  800  to  1300  pounds  ; 
and  if  it  is  required  that  every  time  an  order  is  placed  for  four  or 
five  sets  of  tires,  amounting  to  anywhere  from  16  to  40  in  total 
number,  an  extra  tire  shall  be  furnished,  to  be  cut  up  for  testing,  it 
is  obvious  that  the  matter  of  making  such  tests  becomes  an  ex- 
tremely important  element  in  the  whole  transaction.     The  test-tire 
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is  difficult  to  handle,  difficult  to  cut  the  test-pieces  from ;  the  metal 
is  hard  ;  the  preparation  of  the  test-pieces  is  slow ;  and  the  expense 
of  taking  a  tire  weighing  1300  pounds,  to  decide  on  the  acceptance 
or  rejection  of  from  16  to  40  tires,  is  a  very  serious  matter,  since,  of 
course,  the  consumer  pays  for  the  extra  tire  for  test,  the  same  as  for 
the  others.  It  is  perhaps  not  too  much  to  say  that  this  difficulty  of 
making  a  specification  practicable,  is  greater  than  all  the  rest. 

Returning  now  to  my  definition,  I  will  take  up  the  two  essentials 
in  detail,  and  see  what  experience  teaches  in  regard  to  them.  If  a 
specification  is  an  attempt  on  the  part  of  the  consumer  to  tell  the 
producer  what  he  wants,  it  is  obvious  that  the  consumer  must 
know  what  he  wants.  Where  then  shall  the  consumer  get  this  in- 
formation ?  Early  in  our  experience  it  seemed  the  simplest  thing 
possible  to  write  a  specification  ;  and  we  were  little  troubled  about 
the  source  of  the  information.  To-day  it  seems  to  u^  that  the  fram- 
ing of  a  specification  is  the  most  difficult  work  we  have  to  do;  and 
the  getting  of  the  information  on  which  to  base  it  is  no  small  part 
of  the  task.  There  are  six  sources  from  which  information  can  be 
drawn,  to  be  used  by  the  consumer  in  the  attempt  to  tell  the  pro- 
ducer what  he  wants,  namely  : 

1.  Study  of  good  and  bad  materials  which  have  been  in  service. 

2.  Direct  experiments  on  materials  in  service. 

3.  Consultation  with  those  who  must  use  the  materials  in  ser- 
vice. 

4.  Examination  of  materials  that  fail  in  service. 

5.  Examination  and  test  of  materials  from  different  manufac- 
turers. 

6.  Visits  to  and  study  at  the  works  where  the  materials  are 
made. 

In  the  specifications  which  have  been  put  forth  by  the  Motive 
Power  Department  of  the  Pennsylvania  Railroad  Company,  espe- 
cially during  the  last  six  or  eight  years,  it  is  not  too  much  to  say, 
that  in  nearly  all  cases  information  from  each  of  these  sources  has 
been  utilized. 

A  few  words  under  each  of  these  headings  will  not  be  amiss.  It 
is  quite  obvious  that  if  we  can  get  at  the  behavior  of  materials  which 
have  been  in  service,  some  of  which  have  given  good,  some  bad, 
service,  and  if  these  materials  differ  from  each  other  very  much,  we 
have  struck  a  clue  which  will  throw  much  light  on  the  kind  of  ma- 
terial we  ought  to  require.  There  are  many  illustrations  of  this 
method  of  obtaining  information.     Perhaps  the  most  noted  is  the 
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study  of  steel  rails,  made  in  connection  with  the  Laboratory  and 
Physical-Testing  Department  of  the  Pennsylvania  Railroad  Com- 
pany, over  ten  years  ago.  In  that  case  nearly  100  rails,  which  had 
given  service,  some  good  and  some  bad,  were  carefully  analyzed  and 
tested,  and  an  attempt  was  made  to  draw  from  these  analyses  and  tests 
information  as  to  what  kind  of  rails  it  would  be  wisest  to  specify. 
The  philosophy  of  the  method  no  one,  apparently,  can  call  in  ques- 
tion. Another  illustration  is  some  of  the  recent  work  done  in  the 
laboratory  upon  fire-box  steel.  No  less  than  30  worn-out  fire-boxes, 
some  good  and  some  bad,  the  life  and  mileage  of  which  were  known, 
were  carefully  tested  physically,  and  carefully  analyzed  ;  and  these 
physical  tests  and  analyses  were  made  the  basis  of  a  new  specifica- 
tion for  fire-box  steel.  It  would  seem  that  an  investigation  carried 
through  a  sufficiently  large  number  of  samples,  good  and  bad,  ought 
to  be  final  authority  on  what  the  service  teaches,  and  ought  to  go  a 
great  way  towards  furnishing  information  that  would  be  perfectly 
satisfactory  to  use  in  making  specifications.  Unfortunately,  how- 
ever, it  is  not  safe,  according  to  our  experience,  to  rely  wholly  on 
such  a  series  of  tests.  First,  it  is  hardly  ever  possible  to  get  a  series 
of  tests  of  good  and  bad  material  from  the  service  which  will  not 
present  some  contradictory  results.  Second,  it  is  almost  impossible 
to  get  good  and  bad  materials  under  the  same  conditions.  The  good 
service  of  one  sample  may  have  been  due  to  favoring  conditions,  and 
not  to  inherent  good  quality  of  the  material,  and  vice  versa.  Third, 
any  one  who  has  tried  to  collect  a  number  of  samples  which  have 
seen  service  has  not  failed  to  feel  uncertainty  and  doubt  in  regard 
to  them,  owing  to  the  defectiveness  of  records.  How  sure  are  you 
that  a  sample  which  is  said  to  have  shown  long  life  has  actually 
done  so  ?  Have  there  not  been  some  changes  in  the  personnel  in 
charge  of  the  material  in  service,  which  throw  doubt  on  the  state- 
ments made  in  regard  to  it?  Or  when,  as  sometimes  happens,  we 
are  compelled  to  rely  on  the  statements,  unsupported  by  documen- 
tary evidence,  of  those  who  profess  to  be  familiar  with  the  material 
during  its  service,  how  much  of  the  data  which  they  give  is  actual 
fact,  and  how  much  is  their  personal  opinion  influenced  more  or  less 
by  prejudice?  These  and  other  limiting  causes  lead  us  always  to 
distrust,  or  to  use  with  a  grain  of  allowance,  what  seem  to  be  the 
teachings  of  the  tests  of  the  materials  that  have  been  in  service ; 
and  we  should  really  shrink  from  basing  a  specification  on  such 
questioning  of  the  service,  unless  the  information  was  so  clear  as  to 
be  beyond  question. 
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In  view  of  the  difficulty  of  getting  a  sufficient  number  of  samples 
from  service,  which  have  been  under  sufficiently  uniform  conditions, 
and  in  view  of  the  other  difficulties  mentioned  above,  we  find  it 
often  possible  to  get  more  satisfactory  data  with  less  time,  trouble, 
and  expense  by  making  a  positive  experiment  under  controllable 
conditions.  Indeed,  in  our  later  work,  this  method  is  coming  into 
use  more  and  more,  all  the  while.  If  the  material  in  question  is  of 
such  a  nature  that  a  direct  comparative  test  of  two  or  three  different 
qualities  of  material  can  be  subjected  to  the  same  conditions,  and 
results  obtained  within  six  months  or  a  year,  we  always  prefer  to  use 
this  method  of  obtaining  the  information  rather  than  to  take  mate- 
rial which  has  been  in  service.  An  illustration  of  tiiis  method  may 
be  drawn  from  our  experimental  work  on  bearing-metals.  The  ques- 
tion is.  What  composition  or  alloy  is  it  best  to  use  as  a  bearing- 
metal  ?  To  decide  it,  a  comparative  test  of  different  alloys  on  oppo- 
site ends  of  the  same  axles,  and  under  exactly  the  same  conditions, 
as  far  as  they  can  be  controlled,  is  made.  Such  tests  can  be  made 
within  six  months,  and  very  satisfactory  indications  as  to  the  best 
composition  of  metal  obtained.  Perhaps  it  may  be  a  little  surprising, 
on  the  other  hand,  that  we  are  sometimes  inclined  to  distrust  the  re- 
sults of  even  positive  experiments.  It  is  quite  possible  that  contra- 
dictory results  may  be  obtained  from  even  direct  and  positive  ex- 
periments. In  devising  the  experiment,  we  take  account  of  all  the 
conditions  we  can  think  of;  but  not  infrequently  it  happens  that 
during  the  trial  conditions  come  into  prominence  which  we  had  not 
allowed  for.  A  good  illustration  of  this  is  found  in  the  bearing- 
metal  trials  just  referred  to.  These  trials  are  usually  made  on 
engine-tenders,  four  trial-bearings  and  four  standard-bearings  being 
put  on  the  axles,  one-half  of  the  trial -bearings  on  one  side  of  the 
tender,  and  the  other  half  on  the  other  side,  and  each  trial-bearing 
having  a  standard-bearing  on  the  opposite  end  of  the  same  axle. 
When  such  a  test  is  completed,  it  is  not  uncommon  to  find  that  one 
of  the  trial-bearings  contradicts  the  verdict  of  the  other  three.  The 
general  teaching  of  the  experiments,  perhaps,  is  that  the  trial-bear- 
ings have  lost  less  metal  during  service  than  the  standard- bearings, 
but  one  of  the  trial-bearings  has  lost  a  good  deal  more  than  its  oppo- 
site, and,  indeed,  more  than  the  average  of  the  standard.  It  is  not 
always  easy  to  account  for  such  contrary  results.  In  the  case  of 
trial-bearings,  it  is  usually  explained  by  the  fact  that  the  tender  has 
a  shifting  load,  namely,  the  water,  and  if  the  springs  on  one  corner 
are  a  little  weak,  a  larger  percentage  of  the  load  comes  on  the  axles 
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under  that  corner,  which  might  account  for  the  more  rapid  wear  of 
the  trial-bearing  under  that  corner.  The  case  is  cited  only  to  illus- 
trate the  point  that  contradictory  results  are  not  infrequently  ob- 
tained when  direct  experiments  are  made.  This  is  perhaps  not  so 
true  in  the  realm  of  structural  materials  as  for  materials  which  are 
affected  by  location  or  by  the  personal  equation  of  those  using  them. 
Still,  with  all  possible  care  in  trying  to  get  positive  information,  it  is 
not  always  possible  to  do  so. 

The  third  source  of  information  for  making  specifications  is  con- 
sultation with  those  who  are  familiar  with  the  materials  in  service. 
Those  who  are  steadily  watching  a  bridge,  who  have  charge  of  it, 
and  who  see  it  under  all  conditions,  may  observe  something  with  re- 
gard to  it,  that  the  engineer,  who  only  sees  it  occasionally,  would 
not  notice  ;  or  any  of  the  local  conditions  affecting  the  strength  and 
stability  of  structures  may  be  observed  by  those  who  see  them  every 
day,  and  escape  the  attention  of  those  who  only  see  them  occasionally. 
It  is  therefore  not  at  all  unwise  in  the  man  who  is  going  to  draw  the 
specification,  to  consult  with  those  who  are  most  familiar  with  the 
material  while  in  actual  service.  A  good  illustration  of  the  advan- 
tage of  consulting  the  practical  men  is  found  in  our  experience  in 
making  specifications  for  freight-car  color.  Our  first  specifications, 
drawn  up  largely  on  the  basis  of  our  laboratory  studies,  developed  a 
very  serious  difficulty,  when  the  material  came  to  be  used  practically, 
namely,  it  was  not  infrequent  that  a  bucket  of  paint  which  had  been 
obtained  in  accordance  with  our  specifications,  when  left  by  itself 
over  night,  was  so  thick  the  next  morning,  that  it  could  not  be 
spread.  This  peculiarity  is  well  known  to  practical  painters,  and  is 
called  "  livering,"  which  exactly  describes  the  phenomenon.  Not  a 
little  study  had  to  be  put  on  this  question,  as  the  result  of  complaints 
from  the  shops,  to  get  a  material  that  would  be  satisfactory  on  this 
point.  Our  experience  teaches  us  one  precaution  in  regard  to  this 
method  of  getting  information,  namely,  do  not  take  your  informa- 
tion all  from  one  party.  Get  your  information  from  as  many  prac- 
tical men  who  are  in  charge  of  the  work  as  you  can,  and  you  will 
thus  be  saved,  many  times,  from  very  mortifying  and  annoying 
blunders.  The  prejudice  and  errors  of  one  will  be  corrected  by  the 
observations  of  another;  and  out  of  the  whole,  you  cannot  fail  to 
get  some  valuable  guidance. 

Another  source  which  must  not  be  disregarded  is  the  examina- 
tion of  materials  that  have  broken  or  failed  in  service.  Much  valu- 
able  information  has  been  gathered   in    this  way;  and   all    parties 
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using  structural  materials  are  so  familiar  with  it,  that  I  hardly  need 
do  more  than  mention  it.  Of  course,  it  is  always  an  open  question 
whether  the  failure  of  any  part  is  due  to  design  or  material,  or  to 
abuse  during  construction.  The  examination  of  materials  which 
have  failed  in  service  will  not  always  make  it  clear  that  the  material 
is  at  fault.  An  interesting  illustration,  showing  how  difficult  it  is 
to  foresee,  in  the  planning  of  an  investigation,  all  the  conditions, 
and  also  how  the  study  of  materials  which  have  broken  in  service 
may  not  locate  the  difficulty  where  one  supposed  it  must  be,  may  be 
found  in  our  experience  with  locomotive  spring-steel.  Several  years 
ago,  a  specification  for  locomotive  spring  steel  was  prepared  on  the 
Pennsylvania  Railroad,  which  has  been  in  force  since  that  time. 
Notwithstanding  this  specification,  the  leaves  of  locomotive-springs 
not  infrequently  broke ;  and  so  many  of  these  fractures  occurred 
that  an  investigation  was  planned  to  determine  the  cause.  We 
reasoned  :  Either  the  material,  or  the  design,  or  the  manufacture  of 
the  springs  in  the  shop  is  at  fault.  To  set  this  question  at  rest,  a 
large  iniml)er  of  broken  leaves  from  locomotive-springs  were  sent  to 
the  laboratory,  and  careful  and  complete  analyses  were  made.  Mean- 
while an  investigation  of  the  design  was  started.  The  analyses 
threw  no  light  on  the  subject.  The  steel  was  in  every  sense  as  good 
steel  as  could  be  obtained  in  the  market;  and  nothing  abnormal  or 
peculiar  was  developed  in  the  examination  of  this  large  number  of 
broken  leaves  of  locomotive-springs.  Also,  on  most  careful  checking 
of  the  design  by  the  best  formula  in  use  either  in  this  country  or 
Europe,  nothing  was  found  at  fault.  It  was  then  thought  that  we 
had  a  clear  case  against  the  shop-practice;  but  thorough  investiga- 
tion failed  to  develop  any  fault  in  that  quarte;-.  The  difficulty 
could  not  be  traced  to  any  one  shop,  as  would  have  been  expected, 
or  to  any  one  locality,  or  to  any  cause,  so  far  as  we  could  see,  con- 
nected with  the  shop-manipulation  ;  and  yet  the  springs  continued 
to  break.  A  review  of  the  situation  and  a  careful  study  of  the  con- 
ditions, led  finally  to  the  conclusion,  that  there  was  still  a  fourth 
cause  which  might  lead  to  broken  locomotive-springs,  and  had  prob- 
ably operated  on  the  springs  in  question.  This  fourth  cause  was  the 
condition  of  the  track.  Our  mechanical  engineers  .said  that  in  mak- 
ing their  last  design  for  springs,  they  had  found  two  difficulties.  If 
the  spring  was  designed  strong  enough  for  a  very  rough  track,  the 
engine  would  ride  badly  on  a  good  track.  If  it  was  designed  soft 
enough  to  ride  well  on  good  track,  it  would  break  from  the  shocks 
it  received  on  rough  track.     It  was  necessary,  therefore,  to  strike  a 
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mean  condition,  and  this  had  been  done  in  the  design  which  was 
adopted.  Apparently  this  mean  condition  does  not  give  springs  quite 
good  enough  to  stand  a  very  rough  track,  while  it  gives  a  fairly-well 
riding  engine  on  better  track.  Of  course,  under  these  conditions, 
the  remedy  is  to  be  found  in  the  track,  since  it  is  impossible  to 
change  the  design  of  spring  for  every  condition  of  the  track. 

Another  source  of  information  in  making  specifications,  is  the  ex- 
amination of  materials  in  the  market.  What  can  the  manufacturers 
make,  and  make  successfully  ?  It  is  essential  that  this  should  be 
known  ;  and  the  information  may  be  obtained  by  having  samples 
furnished,  of  which  tests  shall  be  made  under  your  own  supervision, 
or  by  getting  the  results  of  published  tests,  or  by  taking  the  results 
of  tests  made  by  the  manufacturer  himself  at  his  works.  In  this 
case,  likewise,  considerable  precaution  is  necessary.  If  you  get 
samples  from  manufacturers  showing  what  they  can  do,  you  will,  if 
our  experience  is  worth  anything,  generally  be  deceived,  simply 
because  the  manufacturers  naturally  put  the  best  foot  forward, 
and  send  a  little  better  material  than  they  regularly  turn  out. 
Our  experience  in  this  respect  is  also  that  of  others.  In  the  recent 
report  of  the  Chief  Engineer  of  the  United  States  Navy,  the  com- 
plaint was  made  that  the  manufacturers  promised  a  great  deal 
more  than  they  could  actually  fulfil,  and  sent  samples  which  were 
much  better  than  they  could  furnish  in  the  finished  product,  espec- 
ially in  the  matter  of  steel  castings.  Looked  at  in  this  light,  it 
appears  that  the  manufacturers  themselves  may  be  to  blame  for 
harassing  specifications. 

There  is  still  one  more  source  of  information  which  must  not  be 
overlooked,  and  that  is  visiting  the  works  where  materials  are  made, 
and  inspecting  the  processes.  Much  valuable  knowledge  can  be  ob- 
tained from  this  source.  The  man  who  is  to  draw  the  specification 
is  often  saved  from  serious  blunders  by  knowing  what  the  mills  can 
turn  out.  Moreover,  a  knowledge  of  the  processes  by  which  mate- 
rials are  made,  is  essential  in  drawing  a  specification  wisely,  and 
there  is  no  way  in  which  a  process  can  be  so  well  studied  as  by 
actual  observation  of  it  at  the  works.  We  do  not  hesitate  to  con- 
fess that  some  of  the  most  valuable  information  for  this  purpose 
that  we  have  gained  from  any  source,  has  been  obtained  through  the 
courtesy  of  the  managers  of  works,  in  allowing  us  carte  blanche  to 
inspect  their  operations  in  detail. 

This  brings  me  to  the  second  point  in  my  definition  of  a  specifi- 
cation, namely,  that  it  is  a  contract,  equally  binding  on  both  parties. 
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The  subjects  to  be  considered  under  this  heading  are  the  methods  of 
selecting  the  samples,  the  methods  of  testing,  times,  quantities  and 
conditions  of  delivery,  and  finally,  the  limitations  which  will  cause 
non-acceptance  by  the  consumer.  In  our  own  specifications,  we 
usually  give,  near  the  beginning,  a  pattern,  that  is,  we  say  we  desire 
certain  material.  This  desired  material  is  always  better  than  we  ex- 
pect to  get,  and  is  regarded,  more  or  less,  as  a  stimulus  to  the  manu- 
facturers. The  description  of  it  also  serves  the  purpose  of  showing 
the  manufacturers  how  to  plan  their  work.  There  is  a  distinction 
here  which  would  probably  escape  observation,  unless  it  were  made  a 
little  clearer.  We  have  often  found  that  parties  trying  to  fill  our 
specifications  aimed  to  make  an  article  just  filling  the  specifications, — 
that  is,  the  pattern  that  they  aimed  for  was  the  limit.  This  is  always 
a  mistake.  No  commercial  process  that  we  are  familiar  with  is  suf- 
ficently  under  control  to  give  exactly  what  is  aimed  at.  Accordingly, 
as  above  remarked,  we  give  under  the  head  of  material  desired,  a 
statement  of  what  may  well  be  aimed  at. 

Following  this,  we  usually  state  the  method  of  sampling,  also  any 
regulations  in  regard  to  deliveries  or  quantities  in  a  single  shipment, 
time  of  delivery,  and  information  of  this  kind.  Much  might  be  said 
upon  the  selecting  of  the  sample,  and  others  of  these  j)oints.  I  con- 
fine myself  however,  to  the  statement  of  three  things  on  which  we 
insist  in  the  selection  of  the  sample.  First,  the  sample  must  always 
be  selected  by  a  representative  of  the  company,  and  in  no  case  by  the 
manufacturer,  or  any  of  his  representatives.  Second,  in  case  of  many 
materials^  the  sample  is  selected  after  the  material  arrives  at  its  des- 
tination. In  some  cases,  however,  an  inspector  visits  the  works, 
selects  the  sample,  and  forwards  it  for  test,  or  has  it  tested  in  his  pres- 
ence at  the  works,  and  then  has  shipment  made  before  leaving  the 
works.  Of  course,  in  the  case  of  large  structural  materials,  this  lat- 
ter requirement  would  be  impossible.  The  object  of  the  precaution 
is  to  prevent  other  materials  than  those  which  have  been  tested, 
being  substituted  for  those  which  have  passed  test.  This  precaution 
in  large  structures  is  of  course  not  necessary.  Third,  in  no  case  do 
we  attempt  to  take  an  average  sample.  One  sample  selected  at  ran- 
dom represents  the  material. 

The  reasons  for  these  three  precautions  in  regard  to  samples  are 
easily  stated.  If  we  are  to  trust  the  manufacturer  to  take  the  sam- 
ple, we  may  as  well  trust  him  much  farther,  and  the  requirements 
of  the  specifications  may  practically  be  waived.  No  fair-minded 
manufacturer  would  object  either  to  having  the  sample  taken  by  the 
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representative  of  the  consumer,  or  having  it  tested  and  the  material 
taken  from  the  works  as  soon  as  tested,  if  tliis  is  possible.  The  pro- 
priety of  having  one  sample  represent  the  shipment  is  perhaps  open 
to  more  discussion.  Our  reasoning  is,  that  the  material  ought  to  be 
all  as  good  as  the  requirements  of  the  specifications;  and  if  it  is,  it 
is  immaterial  where  the  sample  comes  from.  Furthermore,  the  use 
of  average  samples  allows  a  little  good  material  to  carry,  often,  a 
good  deal  of  inferior  material.  To  take  a  single  illustration,  if  we 
took  a  sample  from  every  barrel  of  lard-oil  that  we  buy,  and  made 
an  average  sample,  it  would  be  possible  to  sell  us  under  the  name  of 
the  best  grade  of  lard-oil,  a  mixed  lot  of  oil,  containing  much  that  was 
very  inferior.  Our  experience  of  the  value  of  having  one  single 
sample  represent  a  shipment,  has  been  very  satisfactory  and  gratify- 
ing. Another  illustration  will  make  the  point  clear.  On  one  occa- 
sion a  manufacturer  received  an  order  for  50  barrels  of  lard-oil  of 
a  certain  grade,  and  happened  to  have  in  stock  only  47  barrels 
of  that  grade  when  it  was  desired  to  make  the  shipment.  The 
superintendent  accordingly  put  in  three  barrels  of  an  inferior  grade 
of  oil.  Fortunately  for  us,  our  sample  happened  to  come  from  one 
of  the  three  barrels  ;  and  the  whole  shipment  was  rejected,  much  to 
the  discomfort  of  the  parties  who  had  attempted  thus  to  give  us 
three  barrels  of  inferior  material  at  the  price  of  good.  Of  course, 
in  the  case  of  large  structural  materials,  such  as  bridges,  beams,  etc., 
the  sampling  may  possibly Wisely  be  made  wider  than  as  above; 
but  our  idea  is  that  the  interests  of  both  manufacturer  and  consumer 
will  be  best  subserved  by  not  trying  to  average  samples.  A  knowl- 
edge of  the  materials  that  enter  into  the  structure  may  be  gained  by 
making  as  many  tests  as  is  desired,  that  is  by  making  one  test  repre- 
sent as  small  a  portion  of  the  total  as  may  be  agreed  upon  between 
the  two,  but  let  each  sample  for  test  accept  or  condemn  a  certain 
amount  of  the  lot,  and  not  get  a  half-dozen  samples  of  that  lot  of 
material  to  base  the  acceptance  or  rejection  on. 

This  brings  us  to  the  question  of  limitations,  which  is  perhaps 
the  most  important  one  of  all.  It  is  undoubtedly  the  one  on  which 
most  difficulty  has  arisen.  In  our  judgment  the  limitations,  in  many 
of  the  specifications  which  have  recently  been  brought  forward,  are 
far  too  narrow.  We  have  seen  the  upper  and  lower  limits  of  ten- 
sile strength  in  specifications  differing  from  each  other  not  over 
5000  pounds;  and  when  it  is  reflected  that  the  temperature  at 
which  the  material  passes  through  the  rolls  at  the  last  pass,  may 
readily  change  the  figures  in  steel,  to  almost  this  extent,  it  seems 
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very  singular  that  so  narrow  a  limitation  should  be  fixed.  The  ne- 
nessity  for  it  is  not  apparent.  Perhaps  no  consumers  are  using 
materials  where  greater  risks  are  involved  than  railroad  companies ; 
and  it  seems  very  strange  to  us  that  the  success  or  failure  of  any 
structure  should  depend  on  a  range  of  tensile  strength  of  only  5000 
pounds.  So  far  as  our  knowledge  goes,  the  factor  of  safety  in  most 
bridge-constructions  is  six,  in  boiler-construction  five,  and  in  many 
other  constructions  as  high  as  ten.  That  is  to  say  the  material  is  to 
be  put  in  service,  where  the  calculated  strains  are  only  one-sixth,  or 
one-fifth  or  one-tenth  of  the  ultimate  strength  of  the  metal.  What 
necessity  therefore  for  so  close  a  range  as  5000  pounds?  Does  not 
the  factor  of  safety  cover  the  ground  sufficiently,  so  that  a  range 
of  from  10,000  to  15,000  pounds  between  the  uj)per  and  lower 
limit  of  the  specification,  may  be  fairly  accepted  without  causing 
risk  in  the  structure  ? 

I  may  give  here  an  illustration  showing  how  completely  very 
narrow  limits  defeat  themselves.  In  conversation  with  the  engineer 
in  charge  of  the  tests  of  a  large  manufacturing  establishment  mak- 
ing structural  materials,  not  long  since,  I  asked  him  to  tell  me,  if  he 
felt  willing,  how  he  managed  to  get  along  with  specifications  having 
such  narrow  limits  as  we  had  been  discussing,  and  at  the  same  time 
stated  that  if  he  did  not  feel  willing  or  free  to  say  how  the  thing 
was  done,  he  should  of  course  freely  say  so,  since  we  had  no  claim 
upon  him  for  the  information.  In  reply,  he  said  he  was  perfectly 
willing  to  tell  how  he  proceeded  ;  the  thing  was  open  and  above 
board,  and  there  was  no  reason  for  concealment.  He  said  :  ''  Take 
for  illustration  an  I-beam,  bought  on  certain  very  narrow  specifica- 
tions, I  take  a  test-piece  out  of  the  web  of  the  beam,  and  pull  it 
in  the  presence  of  the  inspector,  as  the  specification  requires.  It  does 
not  stand  test.  I  then  take  a  test-piece  out  of  the  flange,  and  pull 
it  in  the  presence  of  the  inspector.  It  does  not  stand  test.  By  this 
time  I  have  learned  something  about  the  metal  in  that  beam.  I 
take  a  third  test-piece  ;  and  if  the  teaching  of  the  two  previous  tests 
is  that  the  metal  would  stand  test  if  pulled  fast,  I  pull  the  third 
test-piece  fast.  If  the  teaching  has  been  that  the  metal  would  stand 
test  if  pulled  slowly,  I  pull  the  third  test-piece  slowly  ;  and  by  this 
manipulation  the  metal  stands  test.  I  then  say  frankly  to  the  in- 
spector, there  is  nothing  in  the  specifications  that  prevents  me  from 
doing  this  thing,  and  therefore  this  metal  must  be  accepted."  It 
is  evident,  I  think,  that  no  further  comment  on  the  foolishness  of 
narrow  limitations  in  specifications  is  needed.     That  it  is  infinitely 


392  SPECIFICATIONS    FOR   STRUCTUEAl.    MATERIALS. 

better  to  hav^  a  reasonable  specification,  that  can  be  filled  comfort- 
ably, leaving  small  variations  in  the  metal  to  be  covered  by  the  fac- 
tor of  safety,  when  the  structure  is  designed,  than  to  have  specifica- 
tions that  are  filled  as  above  described,  I  am  confident  no  engineer 
in  his  sober  senses  will  deny. 

There  is  one  point  arising  in  the  enforcement  of  specifications 
which  has  given  rise  to  much  jangling,  and  that  is  when  the  test- 
piece  almost  but  not  quite,  fills  the  specification.  It  is  on  record,  I 
believe,  that  shipments  or  large  portions  of  structures  have  been 
rejected,  because  the  test-piece  did  not  "fill  "  within  100  pounds. 
Our  experience  and  reasoning  upon  this  point  is  as  follows :  First, 
no  chemical  analysis  was  ever  made  that  was  absolutely  accurate; 
second,  no  test  was  ever  made  with  any  piece  of  structural  material 
that  gave  the  actual  tensile  strength  and  elongation.  Both  of  these 
statements  sim[)ly  mean  that  there  is  more  or  less  of  error  in  all  tests 
of  every  kind.  It  is  of  course  desired  in  all  cases  to  have  this  error 
as  small  as  possible.  In  an  analysis  for  phosphorus,  a  limit  of  error 
of  0.005  per  cent,  is  perhaps  all  that  should  be  allowed.  In  an 
analysis  for  carbon  a  limit  of  error  of  maybe  0.01  or  0.02  per  cent., 
especially  if  the  work  is  on  pig-iron,  can  easily  be  tolerated.  Again, 
in  the  tensile  strength  of  low  steels  500  or  1000  pounds,  or  1  per 
cent,  of  elongation  can  fairly  be  regarded  as  an  error  of  the  machine 
or  of  measurement.  Acknowledging  then,  that  there  is  a  neces.sary 
error  in  all  testing,  we  have  to  consider  as  the  only  remaining  ques- 
tion, How  great  shall  the  limit  of  error  be,  and  who  shall  assume  it? 
In  structural  materials,  so  far  as  physical  testing  goes,  we  are  inclined 
to  think  the  amount  of  the  limit  of  error  may  safely  be  as  high  as 
1000  pounds  per  square  inch  in  tensile  strength,  and  the  limit  of 
error  of  elongation  as  high  as  1.5  percent.  Of  course  this  is  a  matter 
for  agreement  between  the  parties  who  are  furnishing  the  material 
and  those  who  are  using  it,  and  each  engineer  and  manufacturer 
will  decide  the  question  to  suit  himself.  The  other  question  as  to 
who  shall  be  responsible  for  this  limit  of  error  seems  to  us  very 
easily  disposed  of.  Our  own  view  is  that  it  is  immaterial  whether 
we  assume  the  limit  of  error,  or  whether  the  manufacturer  assumes 
it.  To  take  an  illustration,  if  we  buy  material  on  a  specification  that 
it  shall  not  contain  over  0.04  per  cent,  phosphorus,  and  the  sample 
analyzes  according  to  our  method  0.043  per  cent.,  shall  we  accept  or 
reject  that  shipment,  it  being  acknowledged  that  the  limit  of  error 
is  0.005  per  cent.?  We  say  it  is  immaterial.  We  are  perfectly 
willing  to  assume  the  limit  of  error  of  0.005  per  cent,  in  the  case  of 
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phosphorus  ourselves,  and  draw  the  specifications  accordingly,  or  we 
are  willing  that  the  manufacturer  should  assume  it,  in  which  case  we 
would  draw  the  sjiecifications  a  little  wider.  In  our  practice,  thus 
far,  we  have  assumed  the  limit  of  error  ourselves,  have  arbitrarily 
fixed  for  the  guidance  of  the  laboratory  a  scale  of  limits  based  on 
our  best  judgment,  as  to  the  probable  accuracy  of  the  method  used 
in  making  the  delermination,  and  have  placed  the  limitations  of 
these  specifications  with  this  assumed  probable  error  in  mind. 
Many  specifications  are  lacking  in  clearness  upon  this  point.  In 
drawing  the  specifications  we  think  the  probable  error  should  be 
allowed  for  and  stated,  and  thus  both  the  inspector  and  the  mill-man 
should  be  relieved  from  the  absurdity  of  rejecting  materials  that  fail 
by  100  pounds.  The  difficulty  is  simply  one  of  indefiniteness  of  the 
specifications. 

It  is  probable  that  we  shall  soon  change  our  practice  as  stated 
above,  and  make  the  limits  of  the  specifications  in  such  a  way  that 
they  will  include  the  limit  of  error,  embodying  in  the  specifications 
a  clause  to  this  effect.  For  example,  if  the  specification  reads  that 
the  carbon  in  a  piece  of  steel,  shall  not  be  below  0.15  nor  above 
0.25  per  cent.,  this  limit  will  cover  the  error  of  the  analysis,  and  a 
clause  will  be  introduced  into  the  specifications  so  stating.  No  speci- 
fications at  present  in  force  are  drawn  in  this  way ;  but  as  we  revise 
them  it  seems  probable  that  they  will  be  modified  as  above  described. 

A  word  as  to  the  advisability  of  giving  to  inspectors  at  the  works 
discretionary  power.  We  are  very  strongly  of  the  opinion  that  the 
inspector  cannot  wisely  be  clothed  with  such  power.  The  specifica- 
tions should  be  so  drawn  as  to  cover  the  uncertainties  arising  in  the 
course  of  testing,  and  every  point  should  be  so  well  guarded,  that 
there  would  be  no  necessity  for  the  use  of  discretionary  power  on  the 
part  of  the  inspector.  The  reason  for  this  view  is  that  it  is  impos- 
sible to  get  men  as  inspectors  who  are  competent  to  exercise  discre- 
tionary power.  The  aim  of  the  engineer  who  drew  the  specification 
may  be  completely  thwarted  by  the  exercise  of  discretionary  power 
on  the  part  of  the  inspector,  who  is  not  at  all  well  informed  as  to 
the  necessities  of  the  case.  Much  might  be  said  npon  this  point,  but 
it  is  perhaps  hardly  necessary  to  do  more  than  repeat  that  the  un- 
certainties and  the  necessities  for  the  use  of  discretionary  power 
should  be  covered  in  the  wording  of  the  specifications,  rather  than 
given  to  the  inspector. 

A  single  point  more.  After  the  consumer  has  found  out  what  he 
wants,  and  after  the  various  details  which  have  been  treated  above 
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have  been  put  in  writing,  we  regard  it  as  absolutely  essential  that 
the  manufacturers,  and  the  man  who  draws  the  specifications,  should 
have  a  consultation,  either  personal  or  in  writing,  over  the  proposed 
specification.  During  this  consultation,  the  points  that  may  arise 
in  dispute  later  on,  can  be  covered  ;  and  we  do  not  hesitate  to  say 
that  the  limitations,  and  in  some  cases  the  final  wording  of  our  speci- 
fications, have  been  suggested  by  the  manufacturers,  as  the  result  of 
such  consultation.  It  is  during  this  consultation  that  the  contract 
part  of  the  specification  is  brought  into  prominence ;  and  the  arrange- 
ments and  agreements  made  before  the  specification  is  issued,  should 
be  so  thorough,  and  the  ground  so  well  worked  over,  and  the  points 
in  dispute  so  well  discussed,  that  no  real  question  can  arise  after  the 
specification  is  issued.  In  the  specifications  issued  by  the  Motive 
Power  Department  of  the  Pennsylvania  Railroad  Company,  it  is  not 
uncommon  for  us  to  consult,  before  final  settlement  of  the  form,  not 
less  than  ten  or  twelve  or  even  twenty  parties,  who  are  manufactur- 
ing the  materials  which  the  specifications  concern. 

I  am  aware  that  it  will  be  urged,  that  if  all  this  preliminary  work 
must  be  done  before  specifications  are  issued,  no  specifications  will 
probably  be  issued.  This  only  brings  us  to  the  point  with  which  I 
started,  namely,  that  it  is  hard  work  to  make  a  good  specification. 
But  I  am  confident  that  the  common  sense  of  engineers  having  such 
work  to  do,  will  agree  with  me,  that  the  more  care  is  taken  in  draw- 
ing specifications,  the  less  danger  there  will  be  of  difficulty,  after  the 
specifications  are  once  issued,  and  consequently,  that  hard  prelimi- 
nary work  of  that  kind  is  well  bestowed. 
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BY  JOSEPH  D.  WEEKS,  PITTSBURGH,  PA. 

(Lake  Champlain,  Plattsburgh,  Meeting,  June,  1892.) 

Fifty-eight  years  and  a  day,  full  of  labor,  of  achievement  and 
of  honor  had  been  completed  when,  at  Pittsburgh,  on  the  5th  day  of 
May,  1892,  the  wheels  of  a  life  that  had  but  just  before  lost  its  in- 
spiration stood  still,  and  the  work  here  of  William  Powell  Shinn 
was  at  an  end. 

Born  at  Burlington,  N.  J.,  May  4, 1834,  he  received  such  an  educa- 
tion (and  it  was  the  only  school  education  he  ever  had)  as  the  public 
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schools  of  his  early  home  conld  give,  but  made  such  progress,  especi- 
ally in  mathematics,  and  evidenced  such  traits  of  character  that,  at 
the  age  of  fourteen,  upon  the  suggestion  of  his  teacher  and  the 
school  directors  of  his  district,  he  was  offered  the  prize,  ardently 
desired  by  so  many  American  boys,  of  an  appointment  to  West 
Point.  He  had  but  to  know,  however,  that  it  was  his  mother's  wish 
that  he  should  not  adopt  the  army  as  a  profession,  when,  with  the 
devotion  to  the  wishes  of  those  nearest  to  him,  which  was  in  his  after- 
life his  most  distinguishing  personal  characteristic,  he  refused  the 
tempting  offer,  and,  after  preparing  data  for  maps  of  Providence, 
R.  I.,  and  Fall  River,  Mass.,  he  went  to  Pittsburgh  early  in  1850, 
when  not  quite  sixteen  years  of  age,  to  enter  upon  his  life-work, 
that  of  a  railroad  engineer  and  manager. 

From  May,  1850,  when  he  began  as  a  rod-man  in  an  engineering 
corps  engaged  in  locating  the  Ohio  and  Pennsylvania  Railroad,  until 
1875,  the  last  year  in  which  he  was  President  of  the  Ashtabula, 
Youngstown  and  Pittsburgh  R.R.,  a  period  of  quarter  of  a  century, 
Mr.  Shinn  held  positions  of  importance  and  responsibility  under  the 
Pennsylvania  Company  or  upon  some  of  the  railroads  that  now  make 
up  that  system.  In  less  than  three  years  after  the  beginning  of  his 
work  as  rod-man,  he  was  appointed  principal  assistant  engineer  of 
the  Ft.  Wayne  and  Chicago  Railroad,  and  placed  in  charge  of  loca- 
tion and  construction.  From  March  1 ,  1856,  to  September  1, 1861, 
at  first  in  preparing  land-maps  and  title-records,  then  in  charge  of 
freight  and  passenger  accounts,  and  finally  as  general  bookkeeper 
of  the  Pittsburgh,  Ft.  Wayne  and  Chicago  Railroad,  he  acquired  that 
knowledge  of  the  details  of  the  financial  side  of  railroad  operations 
which  subsequently  gave  to  his  reports  on  the  condition  and  earning 
power  of  railroads  so  much  more  weight  and  value  than  similar  re- 
ports of  engineers,  not  possessed  of  such  experience.  Possibly  one  of 
the  most  important  and  valuable  investigations  and  reports  on  a  rail- 
road property  ever  made  in  this  country  was  that  which  Mr.  Shinn 
executed  for  the  Pennsylvania  Railroad  Company  on  the  property  of 
the  United  Railroads  of  New  Jersey.  It  was  both  accurate  and  ex- 
haustive ;  and  its  conclusions  as  to  its  earning  power  and  the  value  of 
the  property  as  a  feeder  to  the  Pennsylvania  Railroad,  have  been 
verified  in  a  most  remarkable  manner.  This  report  determined  the 
lease  of  these  vast  and  valuable  properties  by  the  Pennsylvania 
Railroad,  and  led  to  the  adoption  of  important  changes  and  improve- 
ments. Perhaps  the  most  remarkable  fact  about  it  is  that  it  was 
made  in  three  weeks,  and  that  of  all  the  suggestions  it  contained, 
only  one  which  he  considered  important  was  not  carried  into  effect. 
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In  like  manner  it  was  the  information  gained  while  in  charge  of 
records  and  accounts,  joined  with  the  knowledge  of  physical  condi- 
tions and  possibilities  which  he  had  acquired  as  an  engineer,  that 
enabled  him  to  name  so  confidently,  in  discussing  that  most  impor- 
tant problem,  freight-transportation,  a  rate  per  ton  per  mile,  as  the 
minimum  at  which  freight  could  be  hauled,  which,  to  most  engineers, 
seemed  ridiculous,  but  which  was  reached  in  less  than  ten  years. 

In  these  years  it  was,  that  Mr.  Shinn  developed  the  system  of 
railroad  accounts  now  in  almost  universal  use,  not  only  among  rail- 
road companies,  but  in  many  large  industrial  establishments  also  ; 
known  at  first  as  the  "Hail road,"  now  as  the  "Voucher"  system. 
This  method,  while  most  minute  in  its  details,  permitting  costs, 
expenses,  income  and  financial  condition  to  be  known,  either  at  a 
glance  or  with  a  minimum  of  labor,  made  possible  a  ready  and 
complete  analysis,  not  only  of  the  commercial,  but,  in  many  cases, 
of  the  technical  features  of  a  business.  Indeed,  it  is  a  system  show- 
ing the  relations  of  the  various  parts  of  the  business,  and  not  merely 
a  record  of  the  names  of  creditors  and  debtors,  and  the  amounts 
owing  or  due. 

From  1861  to  the  organization  of  the  Pennsylvania  Company,  in 
1871,  Mr.  Shinn  held  in  succession  the  offices  of  General  Passenger 
Agent,  Superintendent  of  the  Eastern  Division  and  General  Freight 
Agent  of  the  Pittsburgh,  Fort  Wayne  and  Chicago  Railroad.  On 
the  organization  of  the  Pennsylvania  Company,  he  was  made  its 
General  Agent  and  intrusted  with  most  important  duties,  esj)ecially 
in  examining  the  financial  and  physical  condition  of  some  of  the 
railroads,  which,  by  purchase,  lease  or  traffic-contracts,  became  parts 
of  the  system  of  railroads  owned  or  controlled  by  the  Pennsylvania 
Company. 

In  addition  to  his  other  duties,  Mr.  Shinn  undertoook  in  1871 
the  construction  of  the  Ashtabula,  Youngstown  and  Pittsburgh  Rail- 
road, serving  as  Treasurer  of  the  construction  company  until  the 
road  was  completed  in  1873,  when  he  became  its  President,  and 
held  that  office  for  two  years.  On  May  1,  1874,  he  was  elected 
Assistant  President  and  Controller  of  the  Allegheny  Valley  Rail- 
road, and,  a  year  later,  as  its  Vice-President,  was  especially  charged 
with  the  reorganization  of  the  company,  which  had  been  deeply  in- 
volved in  debt  and  other  complications.  His  skillful  management 
left  the  financial  affiiirs  of  the  company,  upon  his  retirement  in 
1877,  in  a  condition  of  prosperity  unknown  in  its  previous  history. 

In  January,  1873,  Mr.  Shinn  entered  upon  a  new  career,  the  one 
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in  which  he  is  best  known  to  the  members  of  this  Institute.  At 
that  date  he  became  the  managing  partner  of  the  firm  of  Carnegie, 
McCandless  &  Co.,  and  took  charge  of  the  construction  and  opera- 
tion of  the  Edgar  Thomson  Steel  Works,  at  Braddock,  Pa.  No 
small  part  of  the  remarkable  success  of  these  works  is  due  to  his 
foresight,  his  thoroughness  in  planning  and  building,  the  remarkable 
knowledge  of  men  which  he  manifested  in  the  choice  of  his  subor- 
dinates, and  his  industry  and  intelligent  management  after  the 
works  were  put  in  operation.  It  was  at  this  time  that  he  recognized 
the  genius,  engaged  the  services,  and  gained  the  lasting  esteem  and 
friendship  of  A.  L.  Holley,  to  whose  initiative  his  connection  with 
this  Institute  was  due. 

After  occupying  this  position  for  more  than  six  years,  he  resigned 
it,  and  undertook  the  reorganization  of  the  Vulcan  Steel  Company 
of  St.  Louis.  He  rebuilt  and  started  the  works,  and  continued  in 
charge  of  them  until  1881,  when  he  became  Vice-President  of  the 
New  York  Steam  Company,  organized  for  the  distribution  of  steam 
through  New  York,  and  for  supplying  steam-heat  and  power  to 
dwellings  and  industrial  establishments  in  that  city.  He  remained 
Vice-President  of  this  company  until  the  close  of  1886,  when  he 
again  returned  to  railroad  management,  as  Vice-President  and  Gen- 
eral Manager  of  the  New  York  and  New  England  Railway  Com- 
pany. This  work  engaged  him  until  1890,  when  the  failing  health 
of  his  wife  lead  to  his  resignation  of  this  position,  that  he  might  de- 
vote his  entire  time  to  her. 

During  the  last  year  of  his  life,  he  organized  the  United  States 
Glass  Company,  a  consolidation  of  sixteen  flint-glass  manufactories, 
having  a  united  capital  of  $4,000,000.  He  was  a  director  of  this 
company  at  the  time  of  his  death.  He  had  for  years  been  connected 
with  the  Mansfield  Coal  and  Coke  Company,  and  was  also  interested 
in  the  development  of  the  Clover  Hill  iron-ore  property,  near  Cro- 
ton  in  New  York,  where  an  extensive  crushing-  and  concentrating- 
plant,  erected  under  his  direction,  was  nearly  ready  for  operation  at 
the  time  of  his  death.  It  was  during  a  visit  to  these  works  that  he 
was  stricken  with  his  final  illness,  which  left  him  only  strength 
enough  to  reach  home  before  dying. 

Mr.  Shinn  was  elected  in  1869  a  member  of  the  American  So- 
ciety of  Civil  Engineers,  in  which  he  served  as  chairman  of  many 
important  committees,  as  Director,  and  finally,  in  1890,  as  Presi- 
dent. The  Transactions  of  that  Society  contain  a  number  of  papers 
by  him,  chiefly  reports  of  important  committees  of  which  he  was  a 
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member.  He  was  also  chairman  of  the  committee  which,  a  few 
years  ago,  i)ractically  reorganized  that  Society,  giving  it  a  new  con- 
stitution, which  met  with  universal  satisfaction. 

In  1875  Mr.  Shinn  was  elected  a  member  of  the  American  Insti- 
tute of  Mining  Engineers,  on  the  proposal  of  Alexander  L.  Ilolley. 
In  1877  and  1878  he  served  as  a  Vice-President,  and  in  1880  was 
elected  President.  His  contributions  to  the  Transactions,  while  not 
numerous,  are  marked  by  that  breadth  of  plan  and  completion  of 
detail  so  characteristic  of  all  his  work. 

But  the  most  signally  important  service  rendered  to  the  Institute 
by  Mr.  Shinn  was  his  work  as  Chairman  of  the  Committee  on  Trans- 
portation, in  connection  with  the  reception  of  the  British  Iron  and 
Steel  Institute  and  other  foreign  guests,  at  the  time  of  their  visit  to 
this  country  in  1890.  The  admirable  character  of  the  work  per- 
formed at  this  time,  and  the  appreciation  in  which  it  was  held  by 
his  colleagues,  cannot  be  better  expressed  than  in  the  words  of  the 
Secretary  of  our  Institute,  Dr.  Raymond,  who,  possibly  better  than 
any  one  else,  understood  the  nature  and  amount  of  the  burden  thus 
assumed  :* 

"The  arduous,  vexations,  exhausting  and  unremitting  hibors  of  that  position  can- 
not be  adequately  described.  Their  results  in  the  unprecedented  excursions  of 
more  than  500  guests  over  'thousands  of  miles,  extending  from  Lake  Superior  to 
southern  Alabama,  keeping  Pullman  trains  in  use  for  weeks,  and  securing  not  only 
the  collective  safety,  but  also  the  individual  comfort  of  the  travellers,  have  been  the 
topic  of  general  wonder  and  praise.  To  those  who  knew  that  in  the  midst  of  the 
preparations  for  those  intensely  busy  weeks,  Mr.  Shinn  was  overwhelmed  by  the 
greatest  sorrow  that  could  befall  him,  in  the  death  of  his  tenderly  beloved  wife,  fi-om 
whose  grave  he  turned  to  resume  the  work  from  which,  at  that  late  stage,  he  could 
not  be  spared  without  disaster,  the  spectacle  of  his  unwearied  zeal  and  efficiency  was 
all  the  more  impressive.  I  remember  feeling  more  than  once,  as  I  watched  him 
during  thai  period,  that  there  was  something  unnatural  about  his  vigilance  and  in- 
dustry— the  wakefulness,  as  it  were,  of  a  man  who  could  not  sleep;  the  activity  of 
a  man  who  did  not  care  to  cease  from  work,  because  rest  was  something  worse;  the 
patience  of  a  man  to  whom  all  earthly  disputes  and  disappointments  hail  become 
infinitely  trivial ;  the  grim  determination  of  a  man  who  had  resolved  to  carry 
through,  for  the  sake  of  others,  the  work  he  had  in  hand,  and  hoping  then,  please 
God,  to  be  permitted  to  die. 

"  He  did  carry  it  through,  to  the  grateful  admiration  of  all.  It  is  pleasant  to  re- 
member that  our  friends  from  abroad  recognized  by  appropriate  testimonials  the 
marvellous  executive  ability  which  had  done  so  much  for  their  convenience  and 
comfort,  and  that  Mr.  Shinn's  American  colleagues  were  not  backward  in  confessing 
their  debt  to  him  for  the  one  feature  wliich  made  tiie  international  meetings  of  1890 
unique" 

*  From  Dr.  Raymond's  article  in  the  Engineering  and  Mining  Journal,  of  May  7, 

1892. 
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He  was  elected  a  member  of  the  Britisli  Iron  and  Steel  Institute 
at  the  first  meeting  of  that  society  (February  3,  1891)  after  its  visit 
to  this  country.  He  was  also  a  member  of  the  Institute  of  Civil 
Engineers  of  Great  Britain.  At  the  invitation  of  some  of  the  promi- 
nent members  of  the  British  Institute,  he  had  contemplated  a  visit 
to  Europe  during  the  present  year. 

He  was  married  in  July,  1856,  to  Miss  Sallie  Templeton  Farley, 
daughter  of  Mr.  Thomas  Farley,  of  Allegheny,  Pa.,  who  died  at  her 
home  near  Pittsburgh,  Pa.,  September  16,  1890,  after  a  long  and 
painful  illness. 

Mr.  Shinn  was  a  man  of  marked  individuality,  quiet,  cool-headed, 
thorough,  self-reliant,  and  immovable  when  a  conclusion  was  once 
reached,  but  his  conclusions  were  never  jumped  at,  being,  rather, 
carefully  and  logically  reached,  with  all  of  the  details  necessary  to  a 
just  determination  present  in  his  mind.  His  mental  processes  were 
those  of  a  mathematician,  logical  and  not  intuitive,  as  was  right,  in 
view  of  the  things  with  which  he  had  to  deal ;  and  yet  he  was  by 
no  means  lacking  in  that  imaginative  feature  of  intuitive  thought 
that  enabled  him  to  picture  the  outcome  of  a  course  of  action  which 
his  judgment  and  his  logic  had  indicated  to  him  as  the  certain  result. 
He  insisted  upon  learning  and  comprehending,  in  the  minutest  de- 
tail, all  subjects  with  which  he  was  called  upon  to  deal,  demanding 
not  only  the  favorable,  but  also  the  unfavorable  elements  of  the  case ; 
and,  as  a  result,  his  conclusions  were  rarely  vitiated  by  the  sudden 
occurrence  of  some  feature  unforeseen  or  not  provided  for.  This  con- 
scientious mastery  of  details  was  perhaps,  his  most  notable  charac- 
teristic. 

All  through  Mr.  Shinn's  life  ran  a  thread  of  sentiment,  hidden, 
in  most  cases,  except  from  those  who  knew  him  intimately.  How 
commanding  was  this  feature  in  one  relation  of  his  life,  none  who 
knew  his  tender  and  constant  devotion  to  his  invalid  wife  need  be 
told.  His  thoroughness  was  conscientiousness,  not  the  plodding  of 
a  hack  ;  his  adherence  to  his  judgments  once  formed,  not  self-will, 
but  a  conviction  of  their  righteousness.  How  deep  his  friendships 
could  be,  is  evidenced  by  the  words  and  tones  in  which  he  presented 
to  his  friend  Holley  the  beautiful  testimonial  that  made  the  Pitts- 
burgh meeting  of  1879  memorable. 

Both  the  recipient  and  he  who  spoke  for  the  givers  are  gone  ;  and 
as  we  recall  the  scene,  as  these  two  strong  men — strong  in  different 
ways — stood  before  each  other,  those  wonderfully  graphic  and  elo- 
quent words,  with  which  Holley  closed,  come  before  us : 
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"Among  lis  all  who  are  working  hard  in  our  noble  profession  and  are  keeping 
the  fires  of  metallurgy  aglow,  such  occasions  as  this  should  also  kindle  a  flame  of 
good-fellowship  and  affection  which  will  burn  to  the  end. 

''  Burn  to  the  end  !  Perhaps  some  of  us  should  think  of  that,  who  are  burning  the 
candle  at  both  ends.  Ah  !  well,  may  it  so  happen  to  us,  that  when  this  vital  spark 
is  oxidized,  when  this  combustible  has  put  on  incombustion,  when  this  living  fire 
flutters  thin  and  pale  at  the  lips,  some  kindly  hand  may  turn  us  down,  not  under- 
blown — by  all  means  not  overblown — some  loving  hand  may  turn  us  down,  that  we 
may  perhaps  be  cast  in  a  better  mold." 


BIOORAPHICAL  NOTICE  OF  THOMAS  STERBY  HUNT. 

BY  JAMES  DOUGLAS,   NEW  YORK  CITY. 
(Lake  Champlain,  Plattsburgh,  Meeting,  June,  1892.) 

No  one  will  attribute  it  to  the  partiality  of  friendship  if  I  claim 
for  Thomas  Sterry  Hunt  the  right  to  a  place  among  that  little  band 
of  men  whom  nature  has  endowed  with  what  seems  an  almost  magi- 
cal power  of  insight  into  her  mysteries.  But  those  of  us  who  knew 
him  well,  while  we  never  ceased  to  wonder  at  the  breadth  of  his 
genius,  the  fertility  of  his  imagination,  and  the  wonderful  capacity 
of  his  memory,  learned  that  these  native  powers  would  have  availed 
little  to  win  him  his  rank  in  science,  had  they  not  been  stimulated 
by  ceaseless  mental  activity,  indomitable  perseverance,  and  unflag- 
ging industry. 

Thomas  Sterry  Hunt  was  born  in  Norwich,  Connecticut,  on  Sep- 
tember 5,  1826.  He  came  on  his  mother's  side  from  that  good  old 
stock  which  gave  to  Puritan  England  the  gentle  mystic  Peter  Sterry 
and  that  uncom})roraising  preacher  Thomas  Sterry,  who  wrote  the 
notable  tract,  "The  Rot  among  the  Bishops  "  in  1G67, and  that  gave 
to  New  England  Consider  and  John  Sterry,  the  mathematicians. 

While  he  was  a  child  the  family  moved  to  Ponghkeepsie  on  the 
Hudson.  There  the  father  died  when  Thomas,  the  oldest  son,  was 
twelve.  The  mother  and  her  family  of  six  young  children  returned 
to  the  old  home  in  Connecticut.  For  a  short  time  Thomas  attended 
the  public  school ;  but  it  was  for  a  short  time  only,  as  he,  thus  early, 
was  required  to  share  the  burden  of  the  family  support  and  to  seek 
employment.  This  he  found  first  in  a  printing-office,  then  with  an 
apothecary,  afterwards  in  a  book-store.  The  surroundings  may  have 
been  congenial,  but  the  occupation   probably  was  not;  for  he  re- 
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mained  only  six  mouths  in  each  situation.  His  next,  though  less 
attractive,  proved  more  fortunate.  It  was  a  clerkship  in  a  country- 
store,  where  business  was  not  brisk  and  whose  owner  was  not 
exacting. 

At  that  time  his  intention  was  to  study  medicine.  Under  the 
counter  he  kept  a  skeleton,  as  well  as  his  home-made  chemical 
apparatus.  The  anthracite  stove  was  his  furnace.  Two  local  physi- 
cians assisted  the  brilliant  boy,  thus  educating  himself,  by  the  loan 
of  books.  But,  though  a  learner,  his  originality  asserted  itself;  for 
with  such  a  laboratory  he  made  investigations  into  the  properties  of 
hydriodic  acid,  which  to  a  certain  extent  forestalled  those  of  Deville  ; 
and  it  is  a  popular  tradition  in  Norwich  that  he  was  the  author  of 
certain  improvements  in  dyeing  and  dyestuffs,  which  are  still  prac- 
ticed and  used  in  the  mills  near  by. 

In  1845  he  went  to  Xew  Haven  during  the  meeting  of  the  Asso- 
ciation of  Naturalists  and  Geologists,  the  precursor  of  the  present 
American  Association  for  the  Advancement  of  Science,  and  obtained 
work  as  a  reporter  on  a  New  York  paper.  But  a  more  important 
issue  of  this  trip  was  a  visit  to  the  elder  Silliman,  whom  the  boy 
had  already  met  in  Norwich,  after  one  of  the  professor's  lectures. 
Struck  by  his  precocious  proficiency  in  chemistry  and  mineralogy, 
Professor  Silliman  facilitated  his  admission  into  Yale.  Ere  long  he 
became  paid  assistant  to  Professor  Silliman,  Jr.,  who  was  then  mak- 
ing an  extended  series  of  water-analyses,  in  which  Hunt  aided  him, 
and  was  admitted  a  member  of  his  household.  The  struggle  for  a 
livelihood  had  ceased. 

While  at  Yale,  between  his  eighteenth  and  twentieth  years,  he 
contributed  eighteen  papers  to  Silliman's  Journal,  and  wrote  the 
Organic  Chemistry  for  Silliman's  First  Principles.  In  the  preface 
to  the  first  edition  published  Deeembei',  1846,  Professor  Silliman 
acknowledges  the  aid  rendered  by  his  young  colleague,  as  follows  : 

"The  author  takes  pleasure  in  acknowledging  the  important  aid 
derived  in  this  portion  of  the  work  from  his  friend  and  professional 
assistant,  Mr.  Thomas  S.  Hunt,  whose  familiarity  with  the  philoso- 
phy and  details  of  chemistry  will  not  fail  to  make  him  one  of  its 
ablest  followers.  The  labor  of  compiling  the  Organic  Chemistry 
has  fallen  almost  solely  upon  him," 

When  Deuison  Olmsted,  Jr.,  resigned  his  post  as  chemist  on 
Prof.  C.  B.  Adams's  Geological  Survey  of  Vermont,  to  fill  a  similar 
office  in  the  Canadian  Survey,  Hunt  received  the  vacant  appoint- 
ment on  the  A^ermont  staff.  Olmsted  soon  returned  from  Mon- 
voL.  XXI. — 26 
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treal  to  die,  and  Hunt  again  succeeded  him.  In  February,  1847, 
he  entered  on  his  duties  as  Chemist  and  Mineralogist  to  the  Geologi- 
cal Survey  of  Canada,  and  took  possession  of  that  small  study,  and 
still  smaller  bed-room,  opening  off  the  laboratory  in  St.  Gabriel 
Street,  Montreal,  where  for  so  many  years  he,  without  any  labora- 
tory assistant,  not  only  did  the  routine  analytical  work  of  the 
Survey,  but  made  those  experimental  investigations  in  "Chemical 
Geology  "  which  afford  a  rational  explanation  of  the  formation  of 
the  older  crystalline  rocks. 

His  literary  activity  was  prodigious,  as  evinced  not  only  by  the 
scope  but  by  the  number  of  his  communications,  among  others,  to 
Silliman's  Journal  (in  the  2d  series  of  this  journal  seventy -six  arti- 
cles appear  under  his  signature),  the  Canadian  Naturalist,  the 
Philosophical  Magazine,  the  Transactions  of  the  Eoyal  Society, 
the  French  Academy  of  Sciences,  the  Proceedings  of  the  Ameri- 
can Association  for  the  Advancement  of  Science,  and  the  Report 
of  the  Canadian  Survey.  His  strictly  official  work  as  chemist  and 
mineralogist  would  have  been  more  than  enough  for  most  men ;  but 
he  supplemented  it  by  spending  several  months  of  each  year  in  the 
field,  and  by  assisting  his  chief,  Sir  William  Logan,  in  the  literary 
and  administrative  work  of  the  survey. 

Every  year  from  1856  to  1862,  he  spent  the  spring  months  in 
Quebec,  lecturing  on  chemistry  in  the  French  language  before  the 
University  of  Laval;  and  for  four  years  he  filled  the  chair  of  ap- 
plied chemistry  and  mineralogy  in  the  McGill  University  of  Mon- 
treal. 

He  severed  his  connections  with  the  Geological  Survey  of  Canada 
•in  order  to  accept  the  professorship  of  geology  at  the  Massachusetts 
Institute  of  Technology,  where  he  lectured  from  1872  to  1878. 

He  was  a  juror  at  the  Paris  International  Expositions  of  1855  and 
1867,  and  at  the  Philadelphia  Exposition  of  1876,  and  was  an  offi- 
cial representative  of  the  Canada  Geological  Survey  at  the  London 
Exposition  of  1862. 

His  eminence  in  science  was  early  recognized  by  his  election  in 
1859  as  a  Fellow  of  the  Royal  Society  of  London,  where  for  some 
years  he  enjoyed,  I  believe,  the  distinction  of  being  the  youngest 
Fellow.  Early  in  his  career,  Harvard  conferred  on  him  the  degree 
of  A.M.,  and  Laval  that  of  LL.D.  In  1881  the  University  of 
Cambridge,  England,  honored  him  with  the  latter  degree,  assigning 
him,  on  the  occasion  of  his  visit,  as  a  guest-chamber,  quarters  near 
the  very  room  occupied  by  Newton.     There  and  at  that  time,  he 
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wrote  part  of  his  splendid  essay  on  "  Celestial  Chemistry  from  the 
Time  of  Newton,"  under  the  influence  of  the  place,  if  not  of  the 
spirit,  of  the  immortal  philosopher.  He  was  a  member  of  the  Na- 
tional Academy  of  Sciences,  was  acting  president  in  1871  of  the 
American  Association  for  the  Advancement  of  Science,  and  Presi- 
dent in  1877  of  our  own  Institute.  He  was  first  president  by  elec- 
tion of  the  Royal  Society  of  Canada,  and  held  office  at  every  meet- 
ing of  the  International  Geological  Congress  which  his  health  per- 
mitted him  to  attend.  His  influence  at  these  important  conferences 
was  heightened  by  his  perfect  familiarity  with  the  French  language, 
in  which  he  could  converse  ^nd  lecture,  even  on  the  most  abstruse 
themes,  with  as  much  ease  and  elegance  of  diction  as  in  his  mother 
tongue.  The  list  of  home  and  foreign  societies  which  enrolled  him 
on  their  honor-list  would  fill  a  page. 

The  government  of  France,  in  1855,  made  him  a  Chevalier  of  the 
Legion  of  Honor,  and  subsequently  conferred  on  him  the  higher 
rank  of  Officer  of  the  same  order.  King  Humbert  decorated  him 
with  the  order  of  St.  Mauritius  and  St.  Lazarus  after  the  Geological 
Congress  of  Bologna. 

What  he  considered  his  most  important  contributions  to  science 
up  to  1886,  he  embodied  in  two  volumes.  Chemical  and  Geological 
Essays,  first  edition  published  in  1874,  second  edition  in  1878,  and 
in  his  Mineral  Physiology  and  Physiography,  published  in  1886. 
His  mature  views  on  the  nature  and  effects  of  chemism  he  published 
in  1887  under  the  title  of  A  New  Basis  for  Chemistry,  and  he  ap- 
plied the  same  principles  to  mineralogy  in  his  latest  work,  Syste- 
matic Mineralogy,  based  on  a  natural  classification  and  published 
in  1891. 

The  only  other  book  bearing  Hunt's  name  was  the  special  report 
on  the  Trap  Dykes  and  Azoic  Pocks  of  Southeastern  Pennsylvania, 
published  in  1878  by  the  Second  Pennsylvania  Survey. 

From  this  incomplete  sketch  of  his  tireless  and  many-sided 
activity,  we  can  form  some  idea  of  his  learning  and  of  his  industry. 
He  never  knew  what  it  was  to  be  idle,  and  never  wasted  his  power 
on  irrelevant  and  desultory  work;  and  thus  he  became  the  master  of 
many  sciences.  He  was  a  good  mathematician.  Although  not 
himself  a  profound  physicist,  he  was  able  to  appreciate  the  more 
recondite  results  of  modern  physical  investigations.  He  felt  so 
keenly  those  ineffable  affinities  which  bind  every  energy  in  nature  to 
one  central  force,  and  had  such  a  lofty  conception  of  the  interde- 
pendence of  the  laws  of  the  universe  and  of  the  harmonious  blend- 
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ing  therefore  of  chemistry  with  physics,  that  he  considered  that  a 
philosophical  chemist  must  be  a  physicist,  and  that  no  physicist  can 
be  fully  equipped  without  a  knowledge  of  chemistry. 

He  was  not  fond  of  animals,  and  his  dislike  of  living  species  be- 
trayed itself  in  indifference  to  natural  history  and  palaeontology. 
But  flowers  he  loved,  almost  passionately.  He  would  fondle  the 
leaves  of  a  favorite  plant  with  as  much  affection  as  if  it  were  sensible 
of  his  devotion.  To  him  botany  was  not  merely  a  study  of  names, 
though  his  memory  revelled  in  its  accurate  knowledge  of  the  divi- 
sions and  subdivisions  of  the  vegetable  kingdom,  but  an  apprecia- 
tive, almost  sympathetic,  acquaintance  "with  the  habits,  the  uses,  the 
preferences,  the  beauties,  the  very  deformities  of  every  tree  and  plant 
that  grows. 

As  a  geologist,  Hunt's  original  work,  whether  in  the  field  or  in 
the  laboratory,  was  done  among  the  crystalline  rocks.  He  was  ap- 
pointed, as  we  have  seen,  chemist  and  mineralogist  of  the  Geological 
Survey  of  Canada  in  1846  and  entered  on  his  duties  in  184^,  when 
he  was  a  youth  of  only  twenty-one  years  of  age.  He  thus  received 
his  geological  training  from  its  director,  Sir  William  E.  Logan,  and 
his  text-books  were  the  Azoic  rocks  to  the  north  of  the  lakes  and 
the  St.  Lawrence,  and  the  Palaeozoic  rocks  of  southeastern  Quebec. 
Sir  William  was  one  of  the  founders  of  stratigraphical  geology.  He 
was  not  a  chemist  or  an  acute  mineralogist.  Hunt,  therefore,  even 
in  those  early  days,  supplemented  his  chief 's  deficiencies,  and  brought 
to  bear  on  the  intricate  problems  that  had  to  be  unravelled  not  only 
his  wealth  of  knowledge  but  his  vivid  imagination.  How  much  is 
due  to  Logan  and  how  much  is  due  to  Hunt,  of  the  brilliant  work 
of  the  early  Canada  survey,  it  would  be  invidious  to  try  to  deter- 
mine. They  worked  as  partners,  each  contributing  his  share  to  the 
common  stock.  Logan  supplied  out  of  his  fund  of  life-long  expe- 
rience that  intuitive  apj)reciation  of  geological  stratigraphical  se- 
quence which  he  possessed  to  such  an  eminent  degree.  Hunt  con- 
tributed out  of  his  store  of  chemical  and  miueralogical  knowledge, 
and  from  his  laboratory  investigations,  the  facts  and  hypothetical 
deductions  which  gave  as  conclusive  probabilities  to  the  life-study  of 
those  older  barren  strata  as  the  evolution  of  vegetable  and  animal 
organism  gives  to  the  history  of  later  rocks. 

In  the  literary  work  of  the  first  series  of  Canada  Geological 
Reports  they  were,  in  a  sense,  collaborator.  Logan  was  a  most 
painstaking  writer.  He  hammered  at  his  words  and  sentences,  till 
they  expressed  his  exact  meaning,  as  laboriously  as  he  used  hisgeolog- 
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ical  hammer  in  eliciting  from  the  rocks  the  facts  they  had  to  tell  ;  but 
Hunt  usually  revised  all  the  literary  work  of  the  Survey.  The 
purely  geological  memoirs  were  Logan's,  the  mineralogical  and  the 
economical  were  Hunt's.  But  as  years  wore  on  and  Sir  William 
became  infirm,  Hunt  did  more  and  more  field-work,  and  identified 
himself  more  intimately  with  the  geological  section  of  the  Survey. 
The  result  was  that  he  acquired  the  experience  of  a  working  geolo- 
gist, and  that  tact  which  enabled  him  afterwards,  in  the  wider  range 
of  his  observations  in  this  country  and  in  Europe,  to  recognize  rock- 
resemblances  and  differences  with  the  keen  appreciation  which  only 
long  work  in  the  field  confers.  He  thus  combined  in  his  intellectual 
stock  the  practical  experience  of  a  field-geologist  with  a  theoretic 
erudition  in  geology  and  allied  science,  such  as  few  of  his  fellow- 
workers  could  claim  possession  of.  He  was  therefore  warranted,  as 
the  area  of  his  geological  view  grew,  in  shifting  his  ground  on  cer- 
tain subordinate  points.  The  most  notable  instance  of  such  a  change 
of  position  was  that  taken  in  his  address  as  retiring  vice-president, 
acting  for  the  absent  president,  before  the  American  Association  of 
Science,  in  1871,  at  Indianapolis,  when  he  subdivided  into  six  groups 
the  primary  and  crystalline  rocks  which  had  previously  been  classed 
as  Laurentian  and  Huronian,  and  altered  the  stratigraphical  relations 
of  what  was  known  in  the  Canada  Survey  as  the  Quebec  group. 
Whether  the  subject  was  important  enough  to  warrant  the  vehemence 
with  which  he  maintained  his  ground  and  sustained  his  arguments 
is  quite  another  question  ;  but  to  Hunt  truth  was  truth,  and  facts, 
as  he  saw  them,  were  facts,  and  the  relative  proportion  and  import- 
ance of  the  truth  and  the  facts  had  no  weight  with  him.  Compro- 
mise, perhaps,  should  be  as  impossible  and  ignoble  to  the  man  of 
science  as  to  the  theologian.  Each  follows  an  infallible  guide  and 
m;iy  not  dally  with  expediency  or  weigh  unessentials  against  essen- 
tials. What  is  right  and  true  must  be  maintained;  what  is  wrong 
and  false  must  be  opposed ;  and  therefore  to  the  thorough-going  geol- 
ogist the  exact  position  of  a  palseozoic  stratum  whose  displacement 
in  the  geological  series  makes  not  a  whit  of  difference  to  any  man, 
woman  or  child,  dead  or  alive,  becomes  as  momentous  a  matter  of 
dispute  as  the  most  vital  question  in  politics  or  sociology  to  another 
class  of  thinkers.  It  is  well  that  it  should  be  so,  as  long  as  zeal 
does  not  breed  acrimony,  or  difference  of  opinion  sever  friends. 
Hunt,  perhaps  unfortunately,  had  always  so  profound  a  conviction 
of  the  accuracy  of  his  facts  and  of  the  infallibility  of  his  deductions 
that  he   was  too  unyielding  in   argument;  but  if  posterity   reads 
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the  facts  of  nature  as  he  saw  them,  and  accepts  his  conclu- 
sions, .his  intolerance  will  be  accounted  only  stern  adherence  to 
truth. 

It  is  not  on  his  work  as  a  stratigraphical  geologist  that  his  fame 
will  mainly  rest ;  but  on  his  achievements  in  lithology  and  chemistry, 
and  on  the  broad  generalization  which  he  drew  as  to  geogenic 
growth.  There  are  essays  in  his  second  series,  elaborating  his 
crenitic  theory,  which  rise  to  a  high  pitch  of  eloquence,  and  which 
any  one  of  literary  tastes,  though  utterly  ignorant  of  science,  will 
read  with  rapt  enjoyment.  In  them  he  discusses  the  origin  of  our 
earth,  and  describes  the  primeval  globe  and  its  atmosphere,  the 
agencies,  chemical  and  meteorological,  through  whose  operations  were 
built  up  out  of  the  primal  world-matter  the  primitive  rocks  which 
now  everywhere  cover  and  conceal  it,  and  the  forces,  at  the  same 
time  destructive  and  constructive,  by  which  these  in  their  turn  are 
being  decomposed  and  rearranged.  His  description  of  this  won- 
derful evolution,  as  it  appeared  to  him,  is  an  epic  which  only  a  man 
of  the  widest  and  profoundest  scientific  knowledge,  coupled  with 
the  imagination  of  a  poet  and  the  literary  skill  of  a  trained  writer, 
could  have  conceived  and  expressed.  Last  year,  after  completing 
his  Systematic  Miner<dogy,  and  when  so  feeble  that  he  could  only 
move  from  his  bed  to  his  desk,  he  commenced  a  book  entitled  The 
History  of  an  Earth,  in  which  it  was  his  purpose  to  expand,  in  a 
connected  treatise,  his  splendid  generalizations  on  stellar  and  tel- 
luric cjiemistry,  and  especially  to  trace  the  influence  of  water  under 
heat  and  pressure,  in  decomposing  the  basis-rock  of  our  globe,  and 
in  creating  out  of  the  primary  elements  the  older  crystalline  rocks, 
and  again  in  re-creating  from  their  sterile  ashes,  through  decay  and 
death,  the  newer  life-supporting  and  life-entombing  strata  which 
contain,  written  in  generation  after  generation,  the  newer  history 
of  the  earth.  But  death  frustrated  this  and  other  literary  pro- 
jects. 

Chemistry  was  Hunt's  first  love ;  and  he  never  deserted  her. 
When  he  studied  geology,  his  impulse  was  to  seek  below  the  visible 
results  of  mechanical  causes  for  the  all-pervading  chemical  forces 
and  agencies  which,  by  disassociation  and  combination,  by  integra- 
tion and  disintegration  of  elemental  matter  throughout  all  space, 
are  building  up  other  worlds,  as  they  built  up  ours.  His  lithologi- 
cal  researches  were  made  not  with  the  microscope,  but  in  the  chemi^ 
cal  laboratory ;  and  in  his  system  of  mineralogy,  neither  outward 
resemblances  nor  similarity  of  crystalline  structure,  nor  possession 
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of  common  elements,  but  the  relation  of  hardness  to  condensation 
and  the  further  relation  of  these  qualities  to  chemical  indiiFerence, 
constituted  the  basis  for  his  classification  of  mineral  species. 
Whether  amidst  such  a  multitude  of  individual  species  he,  in  his 
first  arrangement,  assigned  to  each  its  proper  place,  may  well  be 
doubted,  without  questioning  the  substantial  correctness  of  the 
principle  on  which  his  chemical  and  natural  historical  classification 
of  minerals  rests.  Yet  it  is  impossible  to  follow,  in  his  Systematie 
Mineralogy,  the  beautiful  progressive  series  of  quotients  deduced 
from  the  formula  v  =])  -^  d  {v  being  the  co-efficient  of  condensa- 
tion ;  p  the  chemical  equivalent,  and  d  the  specific  gravity),  as  cal- 
culated for  the  species  under  each  genus,  without  being  convinced 
that  Hunt  heard  and  expressed  one  of  those  wonderful  harmonies  of 
which  it  is  granted  to  but  few  mortals  to  catch  the  theme,  amid  the 
complexity  and  often  apparent  discord  of /nature's  contending  voices. 
A  very  few  catch  even  an  indistinct  echo  of  one  or  another  of  the 
motives  which  dominate  the  symphonies  of  nature ;  but  fewer  still 
hear  and  apprehend  them  so  clearly  as  to  be  able  to  write  the 
score.  The  doctrine  of  the  equivalency  of  volumes,  as  applicable  to 
liquid  and  solid  species,  as  well  as  to  the  gases,  on  which  is  founded 
Hunt's  Natural  System  of  Mineralogy,  had  dawned  on  his  mind  very 
early  in  his  chemical  studies;  but  its  larger  significance  was  re- 
vealed to  him  only  toward  the  close  of  his  life,  when,  though  his 
physical  strength  was  waning,  his  mental  vision  seemed  to  be  gain- 
ing both  clearer  conception  and  wider  range.  To  him  the  domain 
of  chemistry  was  much  wider  than  it  had  been  held  to  be,  under  the 
old  conventional  theory,  which  drew  such  pre3ise  lines  beween 
chemical  and  mechanical  forces.  Like  most  philosophical  chemists 
of  to-day,  he  regarded  all  solution  as  chemical  union,  and  all  chemi- 
cal union  as  nothing  else  than  solution.  In  his  view  all  precipita- 
tion and  all  crystallization  from  solutions  involve  chemical  change, 
and  all  chemical  species,  may  theoretically  exist  in  a  dissolved  state, 
from  which  they  pass  into  polymei'ic  mineral  species,  often  insolu- 
ble. Regarding  the  same  substance  in  its  diflPerent  polymeric  states, 
due  to  different  degrees  of  condensation,  as  representing  so  many 
different  chemical  and  mineral  species,  he,  like  other  chemists,  was 
driven  to  construct  chemical  formulas  much  more  complex  than 
those  which  satisfied  the  requirements  of  the  Daltonian  atomic 
theory  as  it  had  been  previously  understood  ;  for,  once  volume  is 
admitted  to  be  as  discriminating  an  element  in  chemical  change  as 
weight   and    condensation    are    in    the    expression    of    volumetric 
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change,  the  enormous  volumetric  difference  between  gaseous  and 
solid  states  of  the  same  substance,  or  rather  between  a  gaseous  chemi- 
cal species  and  a  solid  mineral  species,  involves  for  its  expression  the 
use  of  numbers  which  dwarf  those  assigned  till  recently  to  even 
organic  compounds.  In  his  New  Basis  for  Chemistry  (second  edi- 
tion), Hunt  calculates  the  equivalent  weight  of  water  to  be  21,400.3  ; 
and  to  the  last  he  continued  wrestling  with  the  problem  of  the 
actual  coefficient  of  condensation  of  each  mineral  and  chemical  spe- 
cies; liquid  water  at  the  point  of  condensation  at  standard  pressure 
being  taken  as  unity  (1  :  21,400).  This  New  Basis  for  Chemistry  was 
to  Hunt  no  longer  theory  but  fact.  He  had  believed  for  many 
years  that  the  solid  and  liquid  mineral  species  known  to  us  are 
formed  by  processes  of  intrinsic  condensation,  or  so-called  polymeri- 
zation, from  simpler  chemical  species.  He  knew,  with  every  chemist, 
that  the  determination  of  the  co-efficient  of  condensation  is  a  problem 
of  the  highest  moment,  a  problem  which  had  been  neglected  in  the 
belief  that  it  did  not  admit  of  solution.  When,  therefore,  in  1886, 
he  reached  what  he  regarded  as  a  solution  of  this  unsoluble  problem, 
and  propounded  the  theorem  that  ''the  volume,  not  only  of  gases 
and  vapor-s,  but  of  all  species,  whether  gaseous,  liquid,  or  solid,  is 
constant,  and  that  the  integral  weight  varies  directly  as  the  den- 
sity," he  rejoiced  in  the  conviction  that  he  had  realized  and  ex- 
pressed one  of  the  great  laws  of  nature,  after  which  he  had  been 
groping  all  his  life. 

While,  throughout  all  his  maturer  years,  he  pondered  over  the 
deeper  problems  of  pure  science,  he  was  also  actively  engaged  in 
practical  pursuits.  The  papers  he  has  written  on  technical  subjects 
would  fill  well-nigh  as  many  volumes  as  his  theoretical  and  purely 
scientific  memoirs. 

His  name  is  intimately  associated  with  the  metallurgy  of  cop- 
per and  silver.  In  the  sixties  he  investigated  the  beautiful  reactions 
between  cupric  oxide,  sulphur  dinoxide,  etc.  (calcic  chloride)  which 
were  embodied  in  the  Whelpley  and  Storer  copper  process  ;  and  it 
goes  without  saying  that  to  him  are  due  the  explanation  and  the  ex- 
pression in  chemical  formulas  of  the  reactions  of  which  advantage  is 
taken  in  the  Hunt  and  Douglas  method,  in  the  development  of 
which,  at  a  later  period,  I  had  the  good  fortune  to  be  associated  with 
him. 

Our  Transactions  and  the  reports  of  the  Geological  Survey  of 
Canada  bear  witness  to  his  mastery  of  the  metallurgy  of  iron  and 
steel;  and  no  better  proof  could  be  afforded  of  his  admitted  famili- 
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arity  with  the  iron-ore  deposits  of  this  country  and  of  their  geo- 
graphical and  geological  relations,  than  the  circumstance  that  he  was 
considered,  by  common  consent,  the  fittest  person  to  describe  them 
before  American  and  foreign  engineers,  at  their  joint  Pittsburgh 
meeting  in  1890.  His  paper,  prepared  for  this  occasion,  with  its 
mass  of  information  clearly  arranged  and  lucidly  expressed,  was 
dictated  during  his  last  illness,  when  he  was  too  feeble  to  write ;  and 
without  access  to  other  sources  of  information  than  those  filed 
away  in  his  wonderfully  stored  memory. 

His  memoirs  and  reports  on  salt  and  its  manufacture;  on  the 
apatites  of  Canada;  on  the  coal  of  Ohio;  on  petroleum  and  its 
origin  ;  on  the  gold  mines  of  Nova  Scotia  and  on  other  kindred 
topics,  each  of  which  might  serve  as  a  comprehensive  treatise  on  the 
subject  discussed,  testify  to  the  wide  range  over  which  his  knowledge 
extended  and  which  his  activity  embraced. 

Like  most  devotees  of  science,  he  was  not  very  successful  in  turn- 
ing his  talents  to  pecuniary  advantage.  One  suggestion,  however, 
which  he  did  make,  when  he  proposed  the  application  of  sesquioxide 
of  chromium  as  an  indestructible  non-actinic  pigment  to  the  manu- 
facture of  bank-notes,  might  have  yielded  him  a  fortune  had  he  been 
politician  enough  to  foresee  the  war,  and  anticipate  the  use  to  which 
this  salt  of  chromium  would  be  put  in  the  manufacture  of  "green- 
backs." 

Most  of  us  have  listened  to  him  as  a  lecturer,  and  admired  the 
fluency,  yet  absolute  freedom  from  superfluous  verbiage,  with  which 
he  poured  forth  from  the  recesses  of  his  memory,  facts  and  illustra- 
tions, or  drew  with  unswerving  accuracy  and  unfaltering  precision 
intricate  and  erudite  conclusions.  Whether  as  an  expert  witness  in 
court  or  as  a  lecturer,  he  never  hesitated,  yet  never  wandered  in 
thought  or  language.  His  spoken  style  had  become  as  faultless  as  his 
written ;  because  on  both  he  had  bestowed  infinite  care. 

Dr.  Raymond  in  the  issue  of  the  Engineering  and  Mining  Jour- 
nal of  February  20,  1892,  in  a  most  appreciative  notice  of  his 
friend's  life  and  work  thus  described  Hunt's  relation  to  our  associa- 
tion : 

"  He  joined  the  Institute  in  1871,  the  first  year  of  its  existence, 
was  manager  in  1873,  '74,  and  '75,  president  in  1877,  and  vice- 
president  in  1888  and  1889.  Some  of  his  most  interesting  observa- 
tions, and  some  of  his  most  brilliant  generalizations,  may  be  found  in 
the  volumes  of  the  Transactions.  I  may  mention  particularly  his 
address  on  '  The  Origin  of  Metalliferous  Deposits '  [Trans,  i.,  p.  413), 
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which  was  reprinted  in  his  '  Chemical  and  Geological  Essays,'  and  the 
history  of  which,  as  I  happen  to  be  able  to  furnish  it  from  personal 
knowledge,  offers  a  striking  illustration  of  those  features  of  Dr. 
Hunt's  peculiar  ability  which  I  wish  particularly  to  emphasize. 

"It  was  during  the  first  New  York  meeting  of  the  Institute  in 
May,  1872,  that  Dr.  Hunt  was  requested  to  deliver  a  lecture  before 
'  the  Polytechnic  Association  of  the  American  Institute,'  a  local  so- 
ciety. It  was  afterwards  arranged  that  this  lecture  should  be  pub- 
lished as  a  part  of  the  Transactions,  though  not  delivered,  strictly 
speaking,  before  the  Institute  of  Mining  Engineers.  The  fact  was, 
that  we  could  not  affi  rd  to  do  without  it.  Yet,  according  to  my  re- 
collection, it  was  an  improvised  generalization,  representing,  out  of 
the  fullness  of  the  speaker's  knowledge  of  the  subject  and  its  history, 
such  a  lucid,  logical,  comprehensive  and  consistent  view  as  few  other 
men  could  have  framed. 

"  On  several  later  occasions  I  had  the  opportunity  to  witness  simi- 
lar intellectual  feats.  I  remember  when,  at  the  Philadelphia  meet- 
ing of  1878,  Dr.  Hunt  (being  then  the  President  of  the  Institute) 
was  suddenly  informed  that,  by  reason  of  some  failure  in  the  arranged 
programme,  he  would  have  to  open  an  evening  session  with  some- 
thing in  the  way  of  an  address.  He  was  at  dinner  when  he  received 
this  announcement ;  and  could  not  have  had  ten  minutes  for  prepa- 
ration before  the  session  began ;  but  the  exquisitely  clear  and  sug- 
gestive address  on  'The  Chemistry  of  the  Atmosphere'  (reported,  in 
substance  only,  in  vol.  vi.  of  the  Transactions)  could  not  have  been 
improved  by  any  amount  of  preliminary  labor.  A  similar  occasion 
occurred  during  the  next  meeting,  held  at  Chattanooga,  when  a  party 
gathered  on  a  projecting  cliif  of  Lookout  Mountain,  called  upon  Dr. 
Hunt  to  describe  the  geology  of  the  scene  spread  out  at  their  feet. 

"  That  fascinating  address  was  never  published — more  is  the 
pity." 

Like  most  men  of  genius  he  had  his  eccentricities;  and  like  all 
men  of  highly  sensitive,  poetical  temperament,  he  was  subject  to  ac- 
cessions of  undue  elation  and  undue  depression,  which  he  occasionally 
expressed  with  a  vehemence  and  lack  of  reserve  giving  to  casual 
observers  a  false  impression  of  his  true  character.  He  was,  in  reality, 
as  sincere  as  the  sunlight,  as  generous  as  nature,  and  as  true  as  steel. 
Those  who  knesv  him  best  admired  him  most;  a  statement  which 
cannot  be  honestly  made  of  many  men  as  highly  gifted  as  he  was. 
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THE  GOLD-FIELDS  OF  OTAGO. 

BY  T.  A.  RldKARD,  DENVER,  COLORADO. 

(Lake  Champlain,  Plattsburgh,  Meeting,  June,  1892.) 

The  province  of  Otago  consists,  roughly  speaking,  of  the  southern 
half  of  the  South  Island*  of  New  Zealand.  On  three  sides  it  is 
washed  by  the  Pacific  Ocean  and  on  the  north  it  abuts  against  West- 
land  and  Canterbury.  It  covers  an  area  of  over  20,000  square 
miles,  and  for  the  most  part  has  an  extremely  broken  surface;  the 
narrow  plains  of  the  sea-board  are  bounded  by  the  rounded  foot- 
hills which  in  turn  are  overlooked  by  range  after  range  of  the  snowy 
summits  whose  varied  beauty  has  made  the  island  known  as  the 
Switzerland  of  the  southern  hemisphere. 

The  gold-fields  are  confined  to  the  quartzose  schists  which,  in  a 
broad  band,  70  to  75  miles  wide,  cro.ss  the  district,  extending  in  a 
northwesterly  direction  from  the  shore  of  the  western  ocean  into  the 
northern  provinces.  These  quartzose  schists  are  the  characteristic 
rocks  of  Otago,  and  to  their  curious  structure  are  due  the  interesting 
differences  exhibited  by  the  raining  districts  in  the  modes  of  occur- 
rence of  the  gold.  These  rocks,  which  are  almost  unbroken  over 
their  full  extent,  have  been  divided  by  the  Provincial  Geologist,! 
F.  W.  Hutton,  into  two  series  of  beds,  named  respectively  the 
Wanaka  and  Kakanui  formations.  The  only  reason  given  for  this 
division  is  the  desire  "  to  divide  such  an  enormous  thickness  of  rocks 
in  order  that  the  map  might  display  somewhat  of  the  geological 
structure  of  the  district. "|  As  Hutton  and  others  have  pointed  out, 
there  is  in  fact  no  dividing  line.  The  changes  noticeable  in  the 
ascending  series  of  schists  are  very  gradual,  and  are  due  to  the 
slowly  decreasing  effects  of  metamorphism.  Hutton  estimates  the 
thickness  of  the  Wanaka  series  at  as  much  as  50,000  feet,  and  the 

*  New  Zealand  is  variously  spoken  of  as  consisting  of  the  North,  Middle  and 
South  islands  or  of  the  North,  South  and  Stewart's  Island.  The  last  is  of  insignifi- 
cant size  and  importance.     Otago  is  in  the  soutliern  of  the  two  chief  islands. 

f  That  is,  the  geologist  of  the  province  of  Otago.  It  is  the  term  used  in  thegov- 
ernraent  publications. 

X  Page  33  of  Oeology  of  Otago,  1875. 


412  THE    GOLD-FIELDS    OF    OTAGO. 

Kakanui  at  52,800,  or  twenty  miles  for  the  two.  The  information 
obtainable  is  not  sufficient  for  trustworthy  estimates,  but  it  is  certain 
that  these  rocks  have  an  enormous  thickness  over  a  very  large  area. 

The  question  of  their  age  is  surrounded  with  much  difficulty. 
The  geologists  of  New  Zealand  are  not  agreed  as  to  either  nomen- 
clature or  chronological  position ;  and  the  maps  of  the  several 
authorities  show  most  unfortunate  divergencies  of  opinion.  For  our 
immediate  purpose  it  may  suffice  to  say  that  the  quartzose  schists  of 
Otago  overlie  the  syenitic  gneiss  and  granite,  which  Hector  and 
Hutton  agree  in  regarding  as  pre-Silurian  ;'''  while  they  underlie  a 
series  of  rocks  called  Devonian  and  Carbon iferous,t  which  in  turn 
are  overlain  by  those  of  the  Matai,  the  geological  position  of  which 
was  for  a  long  time  sharply  debated,  but  has  been  determined  by 
fossils  as  Carboniferous.  Such  is  the  evidence  upon  which  the 
quartzose  schists  have  been  labelled  Silurian. 

The  rocks  themselves  have  been  variously  described  as  phyllite, 
clay-slate,  mica-schist,  etc.  Hornblende-schist  and  quartzite  are 
also  known  to  occur.  The  mineral  constituents  are  subject  to  fre- 
quent variation.  The  name  "  phyllite  "  is  often  used,  but  since  the 
argillaceous  character  of  the  mica-schist  has  been  seldom  more  than 
guessed  at,  this  usage  may  be  taken  as  a  mere  facon  de  park)'.. 
Neither  of  the  above  names  describes  distinctively  the  rock  which 
forms  the  prevailing  type,  and  I  would  suggest  "  quartzose  mica- 
schist,"  or,  for  brevity,  "  quartzose  schist "  as  being  more  descriptive. 

The  most  striking — and  at  times  a  very  remarkable — feature  of 
the  schists  of  Otago  is  the  extraordinary  development  of  quartz.  In 
many  localities  (for  instance,  in  the  twelve  miles  between  Lawrence 
and  AVaipori,  where  the  road-cuttings  affijrd  numerous  sections)  the 
quartz  forms  half  the  bulk  of  the  rock.  It  is  interbedded  among 
the  folia  of  the  schist,  often  in  very  regular  and  continuous  lines. 
The  seams  of  the  quartz  will,  over  a  wide  area,  have  an  average 
thickness  of  from  half  an  inch  to  an  inch,  increasing  often  to  bands 
5  or  6  inches  wide.;]:  Fig.  I  illustrates  an  outcrop  of  such  quartz- 
banded  rock. 

It  is  noteworthy  that  over  the  greater  part  of  the  gold-tields  the 

*  Sir  James  Hector  calls  the  granite  pre-Siliirian,  and  F.  W.  Iliitton  has  called 
the  formation  by  the  name  of  Manipori,  and  considers  it  Lanrentian  or  Cambrian. 

f  Te  Anau  series  (Devonian)  of  Hector  or  the  Kaikora  formation  (Carboni- 
ferous) of  Hnfton. 

X  Above  La  Grave,  Hantes  Alpes,  I  have  seen  sections  in  the  Lias  which  strongly 
reminded  me  of  this  feature  of  tiie  Otago  schists. 
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beds  preserve  a  very  flat  dip  over  very  wide  areas  and  are  rarely, 
and  only  locally,  much  tilted. 

That  the  quartz  is  formed  along  lines  of  bedding,  and  not  cleav- 
age-planes, is  amply  proved  by  the  observation  of  the  changes  in 
the  character,  color  and  composition  of  the  rock,  which  take  place 
at  right  angles  to  the  lines  of  foliation,  whose  low  angle  of  inclina- 
tion is  also  confirmatory,  since  cleavage  is  usually  characterized  by  a 
high  angle. 

The  quartz  is  most  probably  of  secondary  origin,  and  due  to  the 
exudation  of  silica  from  an  extremely  siliceous  silt  and  segregation 
along  the  lines  of  lamination  during  the  period  of  metamorphism. 

To  those  acquainted  with  the  mineral  deposits  of  the  Western 
United  States,  Europe  or  Australia,  the  almost  entire  absence  of 
eruptive  rocks  over  such  a  wide  auriferous  area  will  appear  extra- 
ordinary. It  will  also  largely  explain  the  scarcity  of  lode-forma- 
tions, the  comparative  want  of  definition  which  belongs  to  most  of 
the  veins,  and  the  small  extent  of  the  ore-bodies,  notwithstanding 
the  fact  that  large  portions  of  the  country-rock  are  undoubtedly  in 
themselves  gold-bearing.  To  the  latter  fact  is  due  the  enormous 
quantity  of  alluvium,  the  yield  from  which  is  much  greater  in  im- 
portance than  that  of  the  quartz-veins  of  the  province. 

The  history  of  the  first  discovery  of  gold  in  Otago  has  been  re- 
lated by  one  of  the  pioneers — Vincent  Pyke.  It  may  be  considered 
as  dating  from  the  4th  of  June,  1861,  the  day  upon  which  a  Dune- 
din  newspaper  published  a  letter  from  Gabriel  Reed  announcing  the 
finding  of  gold  at  Tuapeka.* 

Before  that  date,  a  native  of  Bombay,  Edward  Peters,  or  "  Black 
Peter,"  as  he  was  more  generally  known,  had  been  getting  gold  in 
what  was  afterwards  famous  as  Gabriel's  Gully,  the  locality  which 
saw  the  first  great  "  rush  "  of  1861.  In  the  following  year  the 
known  auriferous  area  was  extended  far  into  the  mountains  of  the 
interior,  and  on  August  16, 1862,  Hartley  and  Reilly — a  native-born 
American  and  a  Yankee  Irishman — astonished  Dunediu  by  deposit- 
ing at  the  treasury  a  bag  containing  87  pounds  of  gold.  They  had 
been  quietly  working  on  the  beaches  of  the  Clutha  river  near  the 
Dunstan  gorge,  and  the  announcement  of  their  find  caused  the  then 
small  population  of  Otago  to  make  a  hasty  stampede  into  the  in- 

*  The  first  discovei-y  of  gold  in  New  Zealand  is  said  to  have  been  made  at  Driv- 
ing Creek,  Coromandel,  in  1852.  The  Coromandel  district  has,  however,  been  over- 
shadowed by  its  neighbor  the  Thames,  which  has  had  a  most  brilliant  though  irregu- 
lar record.     Neither  of  them  has  been  such  a  regular  producer  as  Otago. 
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terior.  From  this  time  immigration  from  the  Australian  colonies 
set  in,  and  gold-fields  were  proclaimed*  in  rapid  succession. 

Between  September  and  December,  1862,  70,000  ounces  were  sent 
by  escort  to  Dunedin  from  Dunstan. 

The  working  of  the  gold-deposits  was  rendered  easy  by  the  fact 
that,  unlike  the  wash  of  the  Victorian  fields,  that  of  Tuapeka,  the 
first  Otago  gold-field,  and  those  of  the  province  generally,  contained 
but  little  clay,  and  did  not  necessitate  the  "  puddling  "  which,  at  old 
Bendigo  for  instance,  was  the  treatment  required  by  the  stiff,  hard- 
ened "cement"  of  the  Australian  alluvium. 

Nuggets  do  not  figure  much  in  the  history  of  th^  Otago  gold-fields. 
According  to  Vincent  Pyke  the  largest  was  one  of  27  ounces,  re- 
ported to  have  been  found  at  Waipori  in  1863.  Nuggets  were  com- 
paratively rare,  and  the  few  found  were  very  small,  and  in  no  way 
comparable  to  those  which  in  the  early  "  fifties  "  made  Ballarat  and 
Dunolly  famous. 

The  production  of  Otago  is  shown  in  the  accompanying  statement : 

The  Gold-Production  of  New  Zealand. 


Auckland. 

West  Coast. 

Otago. 

Total." 

Year. 

Oz. 

Value. 

Oz.      j   Value. 

Oz.       [    Value. 

Oz. 

Value. 

1 

1889 
1890 

28,655 
81,745 

£113,191 
125,760 

101,696       £406,4.51 
89,096         356,368 

64,419 
63,410 

£256,430 
255,926 

203,211     £808,549 
193,193       773,438 

Highest 
yield, 

330,326" 

1,188,708 

552,572« 

2,140,946 

614,387* 

2,880,750 

735,376«    2,894,517 

Total 
since  '57, 

1,639,357 

6,122,473 

5,093,249 

20,226,540 

4,783,96818,886,928 

11,818,22146,425,629 

a.  Including  minor  districts. 

b.  This  was  in  1871,  at  the  time  of  the  Thames  rush. 

c.  Due  to  the  Hokitika  discoveries. 

d.  When  the  Gabriel's  Guliy  Diggings  were  at  their  best. 

e.  In  1871. 

The  mining  industry  of  Otago  at  the  present  time  offers  a  variety 
of  interesting  features.  The  methods  by  which  the  precious  metal 
is  won  are  very  diverse,  including  dredging  and  hydraulic  elevating 
in  addition  to  the  ordinary  forms  of  alluvial  and  deep  mining.  In 
lode-  or  vein-raining — the  "quartz-reefing"  of  the  colonies — Otago 
is  considerably  behind  its  neighbors  of  the  Australian  continent,  but 


*  When  tlie  auriferous  character  of  a  district  has  been  proved  the  colonial  gov- 
ernment "proclaims  "  it  a  gold-field. 
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in  alluvial   raining   it  is  first,  and   in   dredging  it  is  the  pioneer. 
We  will  first  consider  the 

Lodes. 

One  of  the  oldest  and  best  of  the  gold-fields  is  that  of  Waipori, 
discovered  very  soon  after  Gabriel's  Gully,  which  is  only  10  miles 
distant.  The  most  important  lode  is  that  of  the  "  O.  P.  Q."  or 
Otago  Pioneer  Quartz  mine,  which  was  discovered  in  March,  1862, 
by  six  Victorians,  all  Shetland  men,  who  named  it  the  Shetland 
reef.  The  country-rock  is  a  very  fine  silver-green  mica-schist,  with 
an  enormous  proportion  of  interfoliated  quartz.  The  strike  of  the 
lode  is  N.  30°  W.,  and  the  dip  eastward  50?  to  55°,  becoming  more 
flat  in  the  deeper  workings.  The  enclosing  rock  dips  15°  to  20° 
S.  S.  E.,  and  the  lode,  therefore,  cuts  across  it  in  both  strike  and  dip. 
It  traverses  a  low  range  of  hills,  across  whose  brow  the  croppings 
can  readily  be  followed.  The  dimensions  of  the  vein  are  subject  to 
frequent  change ;  indeed,  it  would  be  more  correct  to  consider  the 
quartz  as  occupying  a  line  of  fractured  country  in  which  the  distinc- 
tion between  the  quartz  of  the  surrounding  schists  and  that  of  the 
lode  itself  is  often  obliterated.  The  work  done  has  proved  the  ex- 
istence of  large  irregular  blocks  of  gold-bearing  quartz  of  lenticular 
form,  and  over-lapping  each  other.*  Sometimes  two  or  more  of 
these  blocks  of  ore  may  be  parallel  to  each  other  and  separated  by 
soft  country,  which  near  the  quartz  j)asses  gradually  into  a  black 
clay  or  fluccan.f  In  this  manner  rich  short  shoots  of  stone|  have 
been  discovered ;  but  the  greater  part  of  the  gold  is  contained  in  the 
country-rock  included  by  the  lode,  that  is,  the  vein-filling,  which  is 
threaded  by  numerous  small  cross- veins,  dying  out  insensibly  among 
the  quartz  seams  of  the  surrounding  schists.  It  would  be  mislead- 
ing to  speak  here  of  foot-  and  hanging-walls  in  the  usual  sense. 
As  a  New  Zealand  miner  would  put  it,  "  each  run  of  stone  makes 
its  own  wall."  The  bodies  of  quartz  preserve,  indeed,  a  certain  line, 
which  is  that  of  the  strike  of  the  fissure  or  line  of  fissuring  in  which 
they  have  been  formed ;  but  it  would  be  wrong  to  speak  of  defined 
walls  as  limiting  the  gold-bearing  portion.  The  eastern  boundary — 
the  hanging-wall — of  the  lode  preserves  a  fairly  straight  course,  but 

*  This  recalls  similar  formations  elsewhere.  At  the  Frederick  the  Great  mine, 
Sebastian,  Victoria,  the  ore-shoots  were  of  a  strikingly  similar  character. 

t  Selvage.     The  New  Zealander  calls  it  "  pug." 

X  The  colonial  miner  generally  uses  the  word  "stone"  instead  of  "quartz" 
or  "  ore." 
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there  are  only  suggestions  of  a  foot- wall,  a  series  of  parallel  or  nearly 
j)arallel  division-planes,  separating  the  quartz  of  the  enclosed  from 
that  pf  the  enclosing  schists. 

On  the  Waipori  side  of  the  ridge,  the  lode  traverses  a  portion — a 
bar — of  country-rock  more  siliceous  and  harder  than  usual ;  and  it 
is  to  be  noted  that  within  this  passage  the  quartz  is  barren  of  gold, 
and  contains  a  smaller  amount  of  iron  pyrites  than  in  the  softer  por- 
tions of  the  hill.  In  washing  the  lode-matter,  one  notices  a  heavy 
white  mineral,  which  lingers  with  the  pyrites  and  gold  after  the  rest 
of  the  gangue  has  been  washed  away.  This  is  the  somewhat  rare 
mineral  scheelite  or  tungstate  of  lime,*  which  in  this  district  occurs 
scattered  through  the  schists,  though  rarely  in  workable  quantities. 
In  addition,  the  country-rock  contains  occasional  thin  veins  of  cin- 
nabar, irregular  in  behavior  and  too  small  to  have  economical  im- 
portance. The  presence  of  the  mercury  mineral  is  not  observed  in 
working  the  lodes,  but  it  forms  a  marked  feature  of  the  alluvium  with 
the  gold  of  which  it  is  mixed. 

About  a  third  of  a  mile  westward  is  the  parallel  lode  of  the  Can- 
ton mine,  where  the  true  character  of  the  formation  is  more  readily 
discernible.  Fig.  2  illustrates  the  appearance  of  the  end  of  the 
southeast  drift.  A  A  is  the  "  reef,"  a  vein  of  quartz  which  is  sup- 
posed to  lie  immediately  upon  the  "foot-wall."  Along  B  B  the 
country  is  soft,  and  the  included  quartz  folia  are  much  twisted. 
C  C  is  one  of  the  "  false  hanging-walls."  The  whole  width  is  gold- 
bearing,  though  A  A  acts  as  a  guide  in  following  the  auriferous 
channel.  It  is  not  possible  to  say  where  the  "lode"  ends  or  where 
it  begins.  It  is  a  channel  of  country-rock  which  is  auriferous  within 
ill-defined  limits,  and  in  which  the  vein  A  A  acts  as  an  indicator. 
Along  A  A  and  C  C,  it  has  undergone  faulting ;  along  B  B,  distor- 
tion only.  It  is  an  extreme  case  of  what  a  colonial  calls  a  "  mul- 
locky  reef," — a  lode  full  of  mullock  or  waste  rock — a  type  of  ore- 
deposit  more  common  than  is  supposed,  though  the  usual  forms  are 
less  distinct  than  in  this  case.f  We  shall  see  somewhat  of  the  same 
structure  in  the  other  districts  of  the  province. 

*  Specific  gravity,  5.9  to  6.1 ;  composition,  CaO^W.  At  Glenorciiy,  at  the 
head  of  Lake  Wakatipu,  I  examined  a  mine  which  had  been  worked  for  this 
mineral, 

t  In  this  particular  case,  those  working  the  mine  had  little  comprehension  of  the 
formation.  I  was  informed  that  there  were  several  "  false  hanging-walls,"  but  that 
there  was  only  one  foot-wall,  which  was  said  to  be  of  a  different  rock,  much  harder 
than  the  hanging.  On  examination,  I  found  the  rock  of  the  so-called  foot-wall  to 
be  similar  to  that  of  the  rest  of  the  country  enclosed  by  the  lode ;  and  on  crushing 
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The  chief  lode-mining  or  "reefing"  district  of  Otago,  which  lies 
north  of  Lake  Wakatipu,  presents  a  great  contrast  to  that  which 
surrounds  Waipori.  The  latter  consists  of  peculiarly  monotonous 
rounded  hills,  covered  with  a  peaty  soil  on  which  the  tussock  grass 
of  the  ridges  and  the  flax  in  the  gullies  are  the  only  vegetation. 
The  rounded  outlines  of  these  foot-hills  have  been  ascribed  to  glacial 
erosion  in  the  same  way  that  much  else  in  Otago  is  put  down  to  this 
little  understood  agency.  However  that  may  be,  we  have  here  the 
basal  wrecks,  the  stumps,  as  it  were,  of  what  were  once  mountains, 
perhaps  as  rugged  as  those  further  inland.  Denudation  has  de- 
graded them  to  uninteresting  hillocks,  and  the  peaty  soil  which  covers 
them  now  serves  to  protect  them  from  rapid  erosion.  Farther  inland, 
the  foot-hills  become  more  striking  to  the  eye  by  reason  of  the  very 
curious  weathering  which  has  left  numerous  isolated  rocks  standing 
above  the  surrounding  level  like  an  army  in  skirmishing  order.  See 
Fig.  3. 

These  have  been  sometimes  supposed  to  be  the  rocky  freight 
brought  down  by  glaciers ;  but  they  are  in  situ,  and  the  explanation 
of  their  occurrence  is  difficult.  The  peculiar  weathering  which 
originated  the  names  Rock  and  Pillar,  Raggedy  Ridge,  Rough  Ridge, 
etc.,  given  to  some  of  the  hills  of  Otago,  is  not  of  uniform  occur- 
rence, being  less  marked  as  the  coast  is  approached.  I  have  noticed 
that  the  schist  of  which  these  isolated  rocks  are  composed  is  usually 
more  siliceous  than  that  of  the  surrounding  country,  and  I  would 
suggest  that  it  is  the  irregular  segregation  of  siliceous  material  which 
has  induced  this  very  unequal  weathering. 

At  Barewood,  where  I  examined  a  large  number,  I  found  that, 
almost  without  exception,  each  of  these  pillars,  usually  about  10  or 
15  feet  high,  contains  a  cup-shaped  hollow  of  varying  size.  This 
is  on  the  side  towards  which  dip  the  prevailing,  quartzose  schists 
of  which  they  are  composed  ;  and  it  is  doubtless  due  to  the  forma- 
tion first  of  a  small  hollow  by  the  action  of  rain-water,  followed  by 
the  removal,  by  wind  and  rain,  of  some  of  the  softened  mica-schist. 
In  the  concavity  so  formed,  rain-water  would  lie,  and,  by  the  aid  of 
frost,  would  shatter  the  interfoliated  quartz.  Along  the  banks  of 
the  mountain  torrents  this  action  has  progressed  more  rapidly,  and 
the  rocks  exhibit  a  hooey-combed  appearance. 

it  and  testing  it  with  the  "dish"  or  pan,  it  was  found  to  be  richer  than  the  portion 
then  being  mined.  It  was  scarcely  necessary  after  that  to  advise  the  miners  to  put 
a  cross-cut  into  the  "  foot-wall." 
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To  return  to  the  northern  mining  districts.  The  region  about 
Lake  Wakatipu,  in  which  they  occur,  is  crossed  by  the  snowy  ranges 
of  the  Southern  Alps,  10,000  to  12,000  feet  in  height,  the  highest 
summit,  Mt.  Cook,  having  the  altitude  of  12,350  feet.  By  the 
sculpture  of  frost  and  snow,  the  structure  of  the  mountains  has  been 
laid  bare ;  and  though  they  are  carved  from  the  same  rocky  mate- 
rial as  the  lower  country,*  the  rugged,  bleak,  precipitous  ranges,  with 
their  coronets  of  snow,  are  in  strong  contrast  to  the  rounded  contours 
of  the  brown-paper-like  hillocks  around  Waipori. 

In  this  district,  Arrowtown,  Macetown,  and  Skippers  are  three  of 
the  best-known  mining  centers.  At  Macetown,  near  the  head  of 
the  Arrowf  river,  are  the  Tipperary,  Premier,  and  Sunrise  mines. 

The  Premier,  at  the  foot  of  Advance  Peak,  offers  several  points  of 
interest.  A  series  of  three  nearly  parallel  lodes  is  met  by  a  counter- 
lode,  and  at  the  junctions  ore-shoots  occur.  The  two  cross-sections, 
Figs.  4  and  5,  indicate  the  relative  positions  of  the  members  of  this 
lode-system.  The  dip  of  the  No.  2  or  main  lode  brings  it  across 
the  others,  which  are  thereby  deflected,  but  not  cut.  At  the  meet- 
ing-point ore-bodies  occur;  but  so  far  only  one  of  these  junctions — 
the  lower  junction  of  the  No.  2  and  the  No.  3 — has  been  thoroughly 
developed.  The  ore-shoot  there  found  has  a  flat  inclination  (about 
45°)  along  which  it  was  followed  by  a  series  of  irregular  workings. 
There  is  always  a  clear  division-plane,  or  "  wall,"  between  the  two 
lodes  when  after  the  junction  they  are  seen  to  go  forward  in  com- 
pany. 

The  cross-cut  from  the  lower  adit  to  the  No.  2  lode  indicates  the 
relation  of  the  lodes  to  the  quartzose  schist  of  the  country.  See  Fig. 
9.  The  folia  of  quartz  (dipping  about  20°)  which  are  flat  in  the 
country  become  more  nearly  vertical  as  the  lode  B  is  approached. 
They  become  broken  by  fractures  A  A,  which  can  be  followed  until 
they  lose  themselves  in  the  vertical  la.iiination  of  the  schist  encas- 
ing the  quartz  of  the  "  reef."  Fig.  10  shows  the  appearance  of  the 
No.  1  reef  as  seen  in  the  back  of  the  level,  the  sketch  being  in  plan 
or  horizontal  section.  The  width  of  the  lode  proper  is  15  to  18 
inches,  strike  N.W,,  dip,  75°  to  80°.  On  the  foot-wall  side  there 
are   a  couple  of  inches  of  "  pug"  or  selvage,  on  the  opposite  wall 

*  Quartzose  schist.  This  refers  only  to  the  mountains  in  the  vicinity  of  the 
mining  districts  cited.  The  main  ranges  westward  are  formed  in  part  of  granitic 
rocics. 

t  So-called  because  not  straight — lucus  a  non  lucendo.  In  riding  from  Arrowtown 
to  Macetown  the  track  crosses  the  winding  river  twenty -five  times  in  10  miles. 
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there  is  none,  the  lode  passing  gently  into  the  country-rock.  The 
foliated  quartzose  schist  included  between  the  limits  of  the  lode  is 
very  beautifully  contorted.  The  schist,  both  that  included  within 
the  lode  and  that  encasing  it,  is  very  quartzose,  the  seams  being 
about  I  to  I  inch  thick.  The  lode  as  such  contains  irregular  pieces 
of  quartz ;  but,  as  a  whole,  it  carries  very  little  more  quartz  than  the 
enclosing  schist. 

Fig.  11  is  a  sketch  of  the  No.  2  lode,  taken  in  the  stopes  75  feet 
above  the  main  adit.  The  "  reef"  consists  of  B  B,  sugary  quartz 
about  4  to  5  inches  wide.  Fig.  1 2  is  also  close  by.  R  R  is  crushed 
quartz;  D  is  brokeu-up  material  in  which  quartz  predominates;  C 
is  foliated  quartzose  schist.  The  so-called  "foot-wall,"  A  A,  con- 
sists of  a  division-plane  marked  by  black  clay.  There  are  also 
similar  partings  between  R  and  D,  and  C  and  D,  Quartz  is  found 
behind  both  the  so-called  walls.  B  B,  the  auriferous  portion  of  the 
lode,  steps  from  one  side  to  the  other,  advancing  southeast.  The 
so-called  walls,  while  they  last,  are  clean  and  marked  by  a  graphific 
surface,  accompanied  with  clay;  but  they  continue  their  course 
through  the  country-rock  after  the  quartz  has  left  them,  to  be  formed 
again  along  other  nearly  parallel  similar  divisions. 

At  the  Sunrise  mine,  on  Advance  Peak  (Fig.  13),  a  similar  type 
of  lode  occurs.  The  lode  is  divided  by  a  number  of  distinct  part- 
ings accompanied  with  unctuous  clay.  The  country-rock  near  the 
lode  is  conformable  to  the  "walls"  of  the  lode.  C  is  the  "  reef," 
consisting  of  crushed  mottled  quartz,  carrying  pyrites  and  stibnite  ; 
A  is  clayey,  soft  and  broken ;  B  is  very  much  contorted  quartzose 
schist;  D  is  of  similar  material;  E  is  more  regular,  and  F  is  the 
country-rock  itself.  The  total  width  is  4  feet  8  inches.  It  is  ex- 
pected that  BCD  will  form  the  width  of  the  lode  as  the  level  is 
advanced. 

These  two  mines  illustrate  a  type  of  lode,  the  structure  of  which 
is  rendered  evident  by  the  peculiar  rock  in  which  it  occurs.  I  leave 
the  further  consideration  of  this  interesting  formation  until  I  shall 
have  passed  in  review  the  lodes  at  Skippers. 

INIacetown  is  divided  from  Skippers  by  a  high  ridge  (6000  feet) 
overlooking  the  Shotover  river,  which  flows  between.  Ascending 
this  ridge  at  Advance  Peak,  one  obtains  a  fine  view  of  the  configur- 
ation of  the  country.  The  natural  beauty  of  mountain  land  is  de- 
stroyed by  the  severe  weathering,  which  has  prevented  the  growth 
of  timber,  save  in  sheltered  corners.  The  ranges  extend  in  their 
nakedness  like  the  skeleton  of  some  hu^e  saurian.     Their  structure 
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can  be  readily  discovered ;  the  dip-slopes  are  (7e6m-strewn  and  in- 
cline at  a  low  angle,  while  the  opposite  faces  are  precipitous  and 
rocky  in  the  extreme,  cut  up  by  well-marked  systems  of  jointage. 
On  the  summits  of  the  ridges  the  soft  schists  show  the  evidence  of 
the  easy  and  rapid  degradation  which  they  undergo  when  exposed  to 
the  snow  and  frost  of  these  higher  altitudes.  Landslips  on  a  large 
scale  are  common  and  temporarily  dam  or  permanently  divert  the 
mountain  streams,  causing  heavy  floods,  such  as  the  historic  one  of 
1878,  which  altogether  changed  the  distribution  of  the  auriferous 
beaches  of  the  Shotover  river. 

The  reefs  at  Skippers  are  perhaps  the  best  known  of  the  Otago 
lodes,  on  account  of  the  Phoenix  mine,  locally  celebrated  as  the  first 
to  utilize  the  electric  transmission  of  power  for  the  working  of  its 
stamp-mill.  Like  the  other  lodes  we  have  considered,  those  of 
Skippers  consist  of  a  system  of  several  gold-bearing  quartz-veins 
traversing  a  more  or  less  defined  ore-channel.  The  lodes  are  three 
in  number,  forming  a  lode-channel  which  dips  north  and  has  a 
variable  strike  of  about  N.  80°  W.  They  are  known  as  the  North, 
Middle  and  South  lodes  respectively,  and  the  Middle  is  the  richest 
and  strongest  vein,  and  the  main  ore-producer.  They  are  approxi- 
mately parallel ;  but,  even  when  close  together,  never  lose  their  in- 
dividuality. There  is  a  good  hanging- wall  to  the  north  of  the  series 
and  a  good  foot  to  the  south  ;  but  the  intermediate  walls  of  the  dif- 
ferent members  of  the  series  are  irregular  and  indistinct.  The 
shoots  of  gold-bearing  stone  have  two  marked  features.  The  first 
is,  that  they  make  in  step-like  gradation  from  one  lode  to  the  other. 
Shoots  on  any  two  lodes  are  never  opposite  each  other,  whether  in 
vertical  or  horizontal  section.  It  is  almost  the  converse  of  "ore 
against  ore."  See  Figs.  6  and  7.  The  other  noteworthy  character- 
istic of  this  system  of  gold-veins  is  that  they  are  particularly  poor 
when  their  strike  is  south  of  west,  while  they  are  almost  invariably 
found  to  become  gold-bearing  whenev^er  a  turn  takes  place  to  the 
north  of  west.  As  the  result  of  these  two  features,  it  is  found  in  the 
working  of  the  mine  that  one  lode  is  rarely  rich  for  any  great  dis- 
tance ;  that  when  it  is  gold-bearing  in  a  given  portion,  the  portions 
of  the  other  two  lodes  which  are  immediately  opposite  will  be  poor ; 
that  when  it  becomes  barren  the  gold  is  to  be  looked  for  at  a  point 
opposite  in  one  of  the  two  other  lodes ;  and  of  the  two,  in  that  one 
whose  course  at  that  point  is  north  of  west. 

The  mine  is  worked  by  adits.  At  the  level  of  the  No.  3  adit  the 
south  lode  is  intersected  at  96  feet  from  day-light,  the  Middle  at  24 
feet  beyond,  and  the  North  at  60  feet  further  still. 
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The  shoots  of  gold-bearing  stone  are  from  50  to  200  feet  in  length ; 
for  the  most  part  they  pitch  strongly  to  the  west,  but  are  not  con- 
tinuous in  depth.  However,  as  one  ore-shoot  coraes  to  an  end, 
another  is  discovered  below ;  and  the  deeper  workings  expose  ore- 
bodies  which  do  not  extend  to  the  surface.  A  cross-course  cuts  the 
lodes  at  a  strong  angle,  faulting  the  Middle  lode,  which  on  the  east 
side  was  called  the  "  Promised  Land  "  lode  until  it  was  recognized 
as  a  faulted  portion  of  the  Middle  lode.  Immediately  east  of  the 
cross-course  the  lode  was  very  rich.  Fig.  14  illustrates  the  Main 
lode  as  seen  in  the  150-foot  level  stopes.  A  is  disordered  soft 
country  lying  against  the  hanging.  B  is  "  payable  stone" — quartz 
and  included  country  merging  into  each  other;  the  quartz  is  dark 
and  mottled,  carrying  a  small  percentage  of  arsenical  pyrites.  The 
gold  is  coarse  and  often  visible.  C  is  country-rock  included  within 
the  lode  and  arranged  parallel  to  the  foot-wall  which  it  follows. 
The  whole  width  is  8  feet.     A  is  2i  feet.     C  is  3  feet. 

The  reefs  of  Skippers,  Macetown  and  Waipori  have  certain  fea- 
tures in  common,  due  to  the  identity  of  the  country-rock  which  they 
traverse,  and  probably  also  to  their  contemporaneous  origin.  In 
each  case  the  structure  is  that  of  a  group  of  lodes  rather  than  of  one 
single  vein.  The  series  of  two  or  more  approximately  parallel  reefs 
occupying  fractures  formed  along  a  more  or  less  defined  belt  repre- 
sents the  relief  given  to  the  compression  of  the  rocks  by  a  large 
fault-fissure  such  as  that  of  the  Corastock  vein.  The  contortion  ob- 
servable in 'the  country  included  within  the  limits  of  the  ore-chan- 
nel, and  the  frequent  partings  which  are  also  lines  of  faulting,  lead 
one  to  the  belief  that  more  than  one  movement  of  varying  intensity 
took  place.  The  fine-grained,  closely  foliated  quartzose  schists 
yielded  in  part,  by  the  formation  of  folds,  to  the  compression  to 
which  they  were  subjected,  while  the  strain  was  further  taken  up  by 
the  production  of  a  set  of  co-ordinated  fissures.  Along  these  lines, 
later  movements  crushed  the  intervening  enclosed  country,  and  thus 
by  preparing  a  channel  for  the  percolation  of  mineral  solutions,  cre- 
ated in  a  varying  degree  the  locus  of  gold-deposit. 

The  outside  members  of  any  such  system  of  lodes  usually  have 
walls  which  respectively  form  the  boundaries  of  the  ore-channel. 
Such  walls  are  usually  accompanied  by  a  varying  thickness  of  black 
clay  or  gouge.  Generally  speaking,  however,  the  distinction  be- 
tween "country"  and  "reef"  is  arbitrary.  The  quartz  of  the  reef, 
the  quartzose  schist  of  the  included  country,  and  the  somewhat  less 
quartzose  schist  of  the  enclosing  country  shade  off  imperceptibly. 
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Sometimes  there  is  po  line  of  division  between  the  reef  and  the  en- 
closing rock;  at  other  times  there  is  a  line  of  parting,  which  is  dig- 
nified by  the  name  of  "  foot-wall  "  or  "  hanging- wall." 

There  is  reason  to  believe  that  the  quartz  of  the  lodes  sometimes 
occupies  fractures  formed  along  the  axes  of  anticlinal  folds  ;  but,  as 
a  rule,  the  type  of  structure  is  that  shown  in  miniature  in  Fig.  8 
from  a  sketch  made  by  me  from  a  cutting  on  the  Shotover  main 
road.  The  sketch  covers  a  width  of  5  feet.  Instead  of  forming  a 
narrow  clean-cut  crack  or  fissure,  the  soft  schist,  by  reason  of  its  in- 
terfoliated  quartz  which  renders  it  of  varying  hardness,  is  traversed 
by  a  belt  of  dislocated  country  bounded  by  two  parallel  fractures. 
The  interfoliated  quartz  enables  one  to  see  clearly  that  there  has 
been  a  movement  resulting  in  the  disarrangement  of  the  parallelism 
of  the  quartz  laminae.  In  this  case  the  fracture  (from  a  to  b)  has  a 
width  of  only  7  inches;  but  the  structure  is  similar  in  origin  and 
kind  to  that  which  we  have  seen  forming  the  larger  lodes  of  the 
mines.  The  part  between  the  two  lines  of  fracture  forms  the  begin- 
ning of  the  "  mullocky  reef"  of  the  colonial  miner,  that  is,  a  lode 
carrying  a  large  proportion  of  included  country-rock.  Percolating 
waters  deposit  their  quartz  first  along  the  lines  of  parting,  and  we 
get  a  twin  system  of  veins;  and  if  the  action  be  continued  further, 
the  intervening  filling  is  also  silicified.  It  may  seem  a  long  step, 
from  a  lode  like  the  Premier,  the  larger  part  of  which  is  gold-bear- 
ing material  which  is  crushed,  included  country-rock,  to  a  massive 
vein  of  clean  auriferous  quartz ;  yet  in  truth  the  difference  is  not  of 
origin  of  structure,  but  of  degree  only,  being  due  to  the  variable 
extent  to  which  quartz  has  replaced  the  country-rock. 

Before  leaving  this  part  of  the  subject,  I  would  venture  the  sug- 
gestion that  lode-mining  in  Otago  has  a  future  scarcely  to  be  inferred 
from  the  scanty  results  hitherto  obtained.  Examination  of  the  lodes 
shows  that  they  are  found  in  channels  but  little  divided  from  the 
main  mass  of  the  country- rock,  and  that  the  quartzose  schists  are 
auriferous  in  themselves,  outside  the  boundaries  of  such  lode-chan- 
nels. The  formation  strongly  points  to  the  probability  that  there 
will  be  found  certain  belts  of  country-rock  sufficiently  auriferous  to 
become  mines.  At  present,  gold-milling  in  Otago  is  in  a  very  crude 
condition ;  but  with  the  improvements  made  in  the  treatment  of 
gold-quartz  ores  and  the  consequent  decrease  of  the  cost  of  handling 
them,  there  will  come  a  day  when  large  "  low-grade  gold-proposi- 
tions" will  give  lode-mining  in  this  part  of  New  Zealand  an  im- 
portance now  unsuspected. 
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Alluvium. 


The  alluvial  deposits  of  Otago  are  far  more  developed  than  its 
quartz  lodes.  The  extent  of  the  gold-bearing  alluvium  lying  among 
the  highlands  of  the  province  is  imperfectly  known ;  but  so  far  as 
it  has  been  explored,  all  facts  point  to  the  conclusion  that  it  is  enor- 
mous. The  gravel-deposits  present  many  features  in  marked  dis- 
tinction to  those  of  California  and  Australia,  between  which  two 
there  is,  on  the  contrary,  a  striking  resemblance.*  The  gold-drifts 
of  California  are  chiefly  in  the  Pliocene,  and  so  are  those  of  Victoria ; 
but  the  alluvial  gravel  of  Otago  belongs  to  the  Lower  Miocene  and 
to  other  periods.  The  beds  of  lava  which,  in  both  California  and 
Victoria,  are  found  capping  the  alluvium  are  conspicuously  absent 
'in  Otago,  where,  moreover,  the  deeper  lying  drifts  are  not  so  impor- 
tant a  source  of  gold  as  the  more  shallow  deposits  of  the  rivers. 

The  gold  is  usually  in  fine  flakes,  and  only  the  uppermost  reaches 
of  the  rivers  show  the  nuggetty  character  of  other  districts.  Nug- 
gets of  any  size  are  very  rare,  and  the  largest  on  record  weighed,  as 
already  observed,  only  27  ounces,  while  California  can  boast  of  one 
found  in  Calaveras  county,t  weighing  195  pounds,  and  worth  §43,- 
534,  and  Victoria  has  furnished  the"  Welcome  Stranger,"  weighing 
2248  ounces,  and  worth  £9534  or  $47,670.^ 

The  great  extent  of  the  Otago  alluvium  is  due  to  a  combination 
of  causes,  among  which  the  character  of  the  prevailing  rock  and  the 
low  snow-line  are  the  most  important.  The  ^mit  of  perpetual  snow 
is  at  about  7000  feet  above  the  sea.  The  prevailing  rock  is  the 
quartzose  schist,  which  is  very  rapidly  eroded,  and  the  debris  from 

*  Yet,  notwithstanding  this  well-known  fact,  it  is  curious  to  note  how  very  little 
Victorian  and  Californian  geologists  and  engineers  seem  to  know  or  care  to  know 
of  each  other's  work.  Investigations  are  twice  made,  and  ground  is  twice  covered, 
owing  to  this  want  of  intercommunication. 

t  Mentioned  by  John  Hays  Hammond  in  the  Ninth  Annual  Keport  of  the  State 
Mineralogist  of  California,  for  1889,  p.  112.  Dr.  Raymond  gives,  in  the  Eeport 
of  the  U.  S.  Commission  of  Mines  and  Mining  for  1869  (published  1870),  p.  452,  a 
list  of  famous  Australian  and  Californian  nuggets,  including  two  from  California, 
weighing  106  and  160  pounds  respectively,  and  half  a  dozen  from  Australia,  rang- 
ing from  112  pounds  upwards,  the  heaviest  two  being  the  Ballarat  nugget  of  1853, 
weighing  168  pounds,  and  the  famous  "  Sarah  Sands,''  weighing  223  pounds,  4 
ounces. 

X  The  "  Welcome  Stranger"  was  found  at  Moliagul,  near  DunoUy,  February  5, 
1869.  Though  several  bits  had  been  previously  broken  off  by  the  discoverers,  it 
yielded,  on  melting,  2268  ounces,  10  pennyweights,  14  grains.  The  original 
nugget  contained  2280  ounces  of  melted,  or  2248  ounces  of  pure  gold,  being  valued 
at  the  Bank  of  England  at  £9534. 
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which  is  washed  down  into  the  great  natural  tail-races  of  the  Clutha, 
Shotover  and  Kawarau  rivers.  These  rivers  are  subjected,  by  the 
rapid  thawing  of  large  masses  of  snow,  to  frequent  flooding  and  the 
diversion  of  their  channels  by  the  detritus  brought  down.  The  soft 
character  of  the  bed-rock  soon  makes  a  temporary  channel  a  perma- 
nent one ;  and  so  it  happens  that,  even  at  the  higher  altitudes,  ter- 
races of  gravel  and  old  river-beds  are  frequent  and  form  prolific 
sources  of  the  precious  metal. 

The  most  extensive  alluvial  deposits  are  found  along  the  course 
of  the  Clutha,  formerly  called  the  Molyneux.  This  river  is  to  the 
miners  of  Otago,  in  some  respects,  what  the  Nile*  is  to  the  Egyptian 
fellaheen,  though  it  is  the  great  artery,  not  of  fertile  lowlands,  but 
of  auriferous  highlands.  The  anxious  cultivator  beside  the  banks  of 
the  historic  northern  river  does  not  watch  the  rise  and  fall  of  its 
waters  with  more  anxiety  than  does  the  energetic  New  Zealander  the 
rapid  current  of  the  southern  stream,  whose  quick  rise  or  gradual 
fall  may  mean  on  the  one  hand  the  cessation  of  work  and  the  flood- 
ing of  claims,  or,  on  the  other,  the  steady  ingathering  of  a  golden 
harvest. 

The  Clutha  affords  some  interesting  lessons  in  physical  geography. 
With  its  seven-knot  current,  it  sweeps  down  through  the  easily 
eroded  schistose  rocks  in  which  it  has  cut  for  itself  a  natural  sluice- 
box,  the  riffles  of  which  are  the  rocky  bars,  while  its  head  is  at  the 
feet  of  the  glaciers,  and  its  lower  end  empties  into  the  Pacific. 
Where  the  river  now  flows  there  was  once  a  chain  of  fresh-water 
lakes,  cut  out  by  the  glaciers  which  have  now  retired  further  inland. 
These  lakes  received  the  tribute  of  the  upper  highlands  in  the  form 
of  the  gold-bearing  gravel  which  was  deposited  on  their  bottom.  In 
later  times  the  Clutha  worked  it  way  from  lake  to  lake,  and  finally, 
having  worn  down  its  channel  deeply  through  the  schists,  it  emptied 
the  lakes,  cut  through  the  deposits  which  had  been  formed  in  them, 
and  now  flows  unfettered  to  the  sea. 

The  main  features  of  the  country  through  which  it  passes  are  bare 
mountain  ridges  of  high  elevation,  diversified  by  narrow  valleys  of 
pastoral  land.  Narrow  rocky  gorges  separate  wide  flats  of  evidently 
lacustrine  origin.  That  part  of  the  river  from  the  Island  Block  to 
Alexandra  is  typical.  At  the  former  point  there  occurs  an  old  chan- 
nel, separated   from   the  new   by  a  ledge  of  rocks ;  and  above  the 

*  It  has  been  stated  that  the  Clutha  carried  a  volume  of  water  equal  to  that  ol 
the  Nile.  The  estimation  of  the  Clutha  was  correct,  but  the  Nile  was  probably  in- 
correctly gauged. 
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junction  of  the  two  channels  there  is  a  narrow  gorge,  whicli  is  suc- 
ceeded by  the  wide  flats  of  Ettrick,  through  the  eastern  side  of  which 
the  river  has  cut  its  way.  Then  follows  another  rocky  canon,  to  be 
succeeded  by  the  small  lake-basin  in  which  the  Hercules  Company 
is  finding  "  pay-gravel."  Continuing  north,  below  Roxburgh  bridge 
comes  a  short  rocky  cutting  which  opens  out  into  Coal  Creek  flat, 
from  which  it  is  6  miles  to  Coal  Creek  gorge,  and  then  25  miles  of 
narrow  ravines  to  the  Alexandra  terraces  which  mark  the  successive 
levels  of  an  old  lake. 

The  Island  Block  is  now  the  scene  of  important  mining  operations. 
There  the  present  river  (see  Fig.  15)  flows  on  the  eastern  side  of  a 
rocky  ridge  which  forms  an  island  between  the  river  of  to-day  and 
that  of  a  former  period.  The  old  river-channel,  about  ^  mile  wide 
and  4J  miles  long,  is  marked  by  a  valley  of  the  most  valuable  pas- 
toral land  in  Otago.  Its  upper  end  opens  out  towards  the  banks  of 
the  present  river,  but  forms  a  narrow  gorge  at  its  lower  end  where 
(at  the  point  marked  by  a  cross  in  Fig.  15)  the  Island  Block  Com- 
pany is  working.  The  configuration  of  the  valley  is  further  shown 
in  Fig.  16,  in  which  sketch  C  is  the  island,  A  the  point  where  the  old 
and  new  channels  meet,  which  is  overlooked  in  the  distance  by  B,  the 
Old  Man  Range,  and  D  shows  the  lower  slopes  of  the  Spylaw  Hills. 

The  Island  Block  Company  commenced  work  at  the  immediate  out- 
let of  the  old  channel ;  but  it  was  found  that  there  was  here  a  narrow 
deep  rocky  gorge,  the  overhanging  sides  and  rapidly  shelving  bottom 
of  which  had  prevented  the  deposition  of  the  gold.  Going  inland, 
the  channel  widened,  and  the  bottom  became  less  steep.  Soon 
however  the  gravel  was  cut  off  by  a  bar  of  rock.  It  was  then 
decided  to  test  the  channel  at  a  point  nearer  the  center  of  the  valley ; 
but  on  bottoming,  hard  schist  was  encountered  at  60  feet,  and  no  pay- 
gravel  was  found.  The  next  step  was  to  cut  right  across  the  sup- 
posed line  of  channel.  This  met  with  success.  On  the  south  side, 
after  having  raised  50,000  cubic  feet  of  barren  material,  the  elevator 
bottomed  upon  "  a  lead  "  3  to  4  feet  thick,  and  carrying  rich  gravel. 
Mining  operations  have  thus  shown  that  the  old  channel  is  more 
irregular  than  would  at  first  sight  be  supposed.  Fig.  19  exhibits 
the  arrangement  of  the  large  boulders  which  lie  upon  the  bed  rock. 
The  gold  is  found  in  the  heavy  silt  which  has  been  caught  among 
the  interstices  of  the  boulders,  the  arrangement  of  which  forms  a 
natural  riffle,  resembling  the  "  pavement-riffle"  of  the  miner. 

AtWaipori  there  is  a  similar  deposit  in  the  old  bed  of  the  Lam- 
merlaw  Creek.     It  is  shown  in  plan  and  section  in  Figs.  17  and  18. 
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The  deposit  has  a  depth  of  54  feet  and  a  width  varying  from  25  to 
30  feet.  The  sides  are  very  irregular,  and  there  are  several  distinct 
layers  of  gravel,  making  "  false  bottoms."  The  origin  of  this  old 
channel  is  easily  explained.  The  country  rock  is  here  traversed  by  a 
lode,  the  croppings  of  which  have  been  found  in  the  bed-rock.  They 
contain  gold,  and  have  a  strike  which  brings  them  in  line  with  the 
"  Otago  Pioneer  Quartz"  lode  worked  on  the  opposite  hill,  (This 
is  somewhat  after  the  manner  of  the  deep  leads  of  Ballarat,  where, 
when  the  alluvial  deposits  had  been  worked  out,  the  mines  had  a 
second  lease  of  life  through  the  development  of  the  quartz-veins,  the 
croppings  of  which  had  been  found  in  the  bed-rock  of  the  alluvium.) 
Here  the  lode-channel,  consisting  of  rock  softer  than  the  average, 
offered  an  easy  passage  for  the  Lammerlaw,  on  its  way  to  join  the 
Waipori  river.  Having  become  filled  up  during  a  time  of  flood, 
the  channel  was  diverted  and  formed  the  Lammerlaw  Creek  of 
to-day. 

Near  AVaipori  is  the  celebrated  Blue  Spur.  This  is  perhaps  the 
best  known  and  most  interesting  alluvial  deposit  in  New  Zealand. 
It  is  situated  near  the  head  of  Gabriel's  Gully,  about  two  miles  east 
of  the  town  of  Lawrence.  The  name  is  derived  from  the  color  of 
the  alluvium  which  was  first  discovered  in  the  gully  at  the  foot  of 
the  spur  into  which  it  was  afterwards  traced.  The  blue,  or,  more 
accurately  greenish-blue,  tint  is  probably  due  to  the  silicate  of  the 
protoxide  of  iron.  The  deposit  consists  of  a  mass  of  cement  and 
conglomerate,  occupying  a  cup-shaped  hollow  in  a  ridge  or  spur 
which  divides  two  nearly  parallel  gullies.  Figs.  20,  21  and  22  illus- 
trate it.  Fig.  20  is  a  cross-section.  Tho  contour-line  of  the  ridge  as 
here  shown  is  obtained  from  an  old  photograph  taken  in  1865.  The 
working  of  the  deposit  has  entirely  altered  the  lines.  The  longer 
axis  is  nearly  at  right  angles  to  the  present  trend  of  the  Blue  Spur 
ridge,  the  depression  which  the  deposit  fills  having  been  cut  out  of 
the  Wanaka  schists,  the  characteristic  rocks  of  Otago.  Fig.  22  gives 
the  longitudinal  section.  The  gully  on  either  side  is  partially  filled 
with  tailings. 

The  plan,  Fig.  21,  shows  the  deposit  to  have  a  roughly  oval  shape, 
the  longer  axis  having  a  strike  N.  60°  W.,  and  a  length  of  about 
34  chains,  the  shorter  or  N.E.-S.W.  axis  is  22  chains  in  length.* 

For  the  sake  of  brevity,  the  two  longer  sides  of  the  deposit,  facing 
respectively  N.E.  and  S.W.,  will  be  spoken  of  as  the  **  Lawrence  " 
and  the  "  further  side."  On  ascending  the  ridge  on  the  further  side, 
about  400  feet  above  the  present  level  of  Gabriel's  Gully,  the  country 

*  In  Fig.  21,  the  upper  side  is  the  southerly  side. 
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presents  the  appearance  roughly  indicated  in  Fig.  21.  The  accumula- 
tion of  tailings  will  in  part  explain  the  increased  width  of  the  gullies 
at  a  point  opposite  the  deposit;  but  there  is  no  doubt  that  this  is 
also  due  in  a  large  measure  to  the  ero.sion  of  the  conglomerate  which 
formerly  extended  across.  In  both  instances,  the  gullies  narrow 
•rapidly  above  their  intersection  with  the  larger  axis  of  the  deposit, 
and  at  a  short  distance  become  merely  rocky  ravines.  It  is  also 
noteworthy  that  there  are  marked  lateral  gullies  which  correspond 
to  the  line  of  the  deposit. 

The  gold  first  discovered  in  Otago,  the  discovery  of  which  inaugu- 
rated the  rush  to  the  New  Zealand  gold-fields,  was  derived  from  this 
mass  of  wash.  Neither  Gabriel's  nor  Munro's  gully  proved  rich 
above  their  intersection  with  the  deposit,  while  both  were  particu- 
larly rich  at  and  immediately  below  that  intersection. 

The  mass  of  the  cemented  conglomerate  has  been  variously  esti- 
mated at  from  8  to  10  million  cubic  yards,  but  the  present  manager,* 
whose  opinion  is  of  the  most  value,  puts  it  at  from  11  to  12  millions. 
The  area  covered  is  45  acres. 

A  nearer  view  of  the  deposit  presents  the  following  features.  On 
the  Lawrence  side,  the  rock  forming  the  rim  of  the  cup-shaped 
hollow  presents  a  very  uneven  surface,  and  the  folia  of  the  schist 
are  much  distorted  and  fractured.  The  pel)bles  of  the  conglomerate 
are  imbeded  in  the  soft  crushed  country,  there  being  no  distinct 
boundary  or  line  of  demarcation  between  the  deposit  and  the  sur- 
rounding country-rock.  There  are  longitudinal  furrows  in  the  schist, 
parallel  to  the  strike  of  the  country  and  the  longer  axis  of  the  deposit. 
These  furrows  are  not  regular  either  in  shape  or  direction.  Looking 
down  from  the  ridge  on  this  side,  the  enormous  masses  of  wash 
present,  by  reason  of  their  unequal  erosion,  the  appearance  of  a 
miniature  cordillera.  Eeddish  layers  of  oxidized  material  form 
marked  lines  through  the  general  faint  blue  tinge  of  the  cement,  and 
indicate  the  dip  of  the  deposit,  which  is  seen  to  be  at  a  low  angle 
toward  Gabriel's  Gully,  or  southeastward. 

Descending  among  the  masses  of  conglomerate,  one  can  observe 
the  structure  of  the  material.  Fractures  cut  through  the  included 
fragments  of  the  more  fissile  schist,  but  they  do  not  pass  through  the 
harder  pebbles.  These  last  are  of  varying  size  up  to  boulders  2  feet 
in  diameter.  The  wash  shows  a  large  ]»roportion  of  scliist-frag- 
m*»nts,  held  together  by  a  light  greenish-blue  fine-grained  cement. 

*  Mr.  Howard  Jackson,  to  whose  courtesy  the  writer  is  much  indebted. 
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Of  the  remaining  portions  of  the  material,  large  jasperoid  boulders 
are  most  prominent. 

Going  to  the  further  side  of  the  deposit,  it  is  seen  at  once  that  the 
rim-rock  has  an  altogether  different  appearance  from  that  noted  on 
the  Lawrence  side.  The  bounding  wall  is  perfectly  straight  and 
even,  with  a  dip  of  25°  30'  to  the  southwest.  It  shows  incrustations 
of  alum.  The  schist  of  the  country,  which  dips  with  the  face  of  the 
rim-rock,  shows  no  signs  of  having  been  crushed  or  dislocated.  When 
first  uncovered,  the  face  of  this  wall  is  said  to  have  been  (and  its 
present  appearance  suggests  it)  wonderfully  straight  aud  smooth. 
Exposure  to  the  weather  has  induced  the  slow  shaling  off  of  its  sur- 
face, which  is  now  littered  with  the  thin  sherd-like  fragments  broken 
off  by  frost  and  rain.  Originally  the  rim-rock  was  covered  with  a 
thin  layer  of  clay  which  protected  it ;  but  this  clay  first  hardened 
and  then  cracked,  to  be  subsequently  removed  by  the  rain  ;  and  the 
underlying  country-rock  is  being  rapidly  eroded.  Fig.  24  gives  a 
view  of  its  present  appearance.  C  D  is  the  face  of  the  rim-rock  ; 
E  E  are  the  fragments  which  have  scaled  off  its  surface.  Along  A 
B  a  section  has  been  taken,  which  is  indicated  on  a  larger  scale  in 
Fig.  25.  In  this,  F  is  the  quartzose  schist  of  the  country;  E  is  a 
chocolate  brown  indurated  clay  covering  the  rim-rock  itself;  D  con- 
sists of  a  l^-inch  layer  of  hard  cement;  C  is  a  2J-inch  layer  of  soft 
brown  mud ;  B  is  2|  feet  of  reddish  small  gravel ;  A  is  the  main 
body  of  cement  and  wash. 

Fig.  26  shows  the  arrangement  of  the  material  in  a  block  of  the 
conglomerate.  A  is  a  layer  of  large  pieces  of  the  quartzose  schist, 
but  slightly  rounded  ;  B  contains  smaller  brown  schistose  fragments; 
C  is  schist  rock,  containing  but  little  quartz;  D  is  a  band  of  bluish 
cement;  E  is  a  highly  quartzose  schist  bed;  F  contains  quartz  peb- 
bles, not  rounded  ;  G  is  mixed  material,  quartz  fragments  and  schist 
irregularly  distributed  through  a  cement  matrix. 

Coming  toward  Gabriel's  Gully,  a  pink  layer  containing  lignite  is 
seen.  Near  the  gully,  mining  operations  have  partially  uncovered 
the  bed-rock  which  here  presents  the  features  shown  in  Fig.  27.* 
This  is  a  section  taken  along  a  line  N.  36°  W.,  making  an  angle 
of  14°  with  the  longer  axis  of  the  deposit.  At  the  present  time  the 
edge  of  the  rim-rock  is  laid  bare,  but  the  bed-rock  of  the  gutter 
itself  is  under   water.     It  is  seen   that  the  gutter  comes   abruptly 

*  This  a  rough  copy  of  a  drawing  made  by  Mr.  Howard  Jackson,  who  was  good 
enough  to  allow  me  to  make  use  of  it. 
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against  a  ridge  over  60  feet  high  ;  from  the  foot  of  this  it  rises  gently 
towards  Munro's  Gully,  but  soon  meets  with  another  interruption  in 
the  form  of  a  wall  of  rock  over  20  feet  high,*  beyond  which  it 
slopes  away  again  before  taking  its  regular  rise.  Numerous  irregu- 
lar crevices,  found  in  the  bed-rock  of  the  gutter,  generally  contained 
a  great  deal  of  gold.  Above  this,  the  cement  was  very  variable  in 
its  gold-contents,  which  were  usually  arranged  along  certain  red 
bands.  Some  of  the  material  was  absolutely  non-auriferous;  while 
other  portions  would  form  a  pudding-stone  of  golden  wash,  the  gold 
of  which,  as  distinguished  from  the  fine  flaky  character  which  it 
usually  had,  was  of  the  size  of  beans. 

While  the  rim-rock  rising  from  the  gutter  on  the  northeast  side 
was,  as  we  have  seen,  smooth  and  regular,  that  of  the  Lawrence  side 
was  rendered  remarkable  by  "  crab  holes,"  as  they  were  called  by 
the  miners.  These  were  irregular  corrugations,  not  parallel  or 
straight,  but  narrowing  and  opening  out  at  intervals.  Fig.  23  is  a 
sketch,  roughly  representing  some  of  these  in  section.  These  cavi- 
ties were  as  much  as  15  feet  deep;  they  were  covered  with  a  casing 
of  cement  as  regular  as  plaster;  and  the  material  which  filled  them 
was  a  different-looking  cement  from  that  of  the  main  body,  the  line 
of  division  between  the  two  being  so  marked  as  to  be  of  assistance  in 
blasting. 

The  northea.st  wall  continues  underneath  the  Lawrence  rim-rock. 
In  working  along  the  smooth  face  of  the  northeast  rim,  a  party  of 
miners  followed  it  and  were  working  their  way  underneath  the  south- 
western "  reef"  f  before  they  discovered  their  mistake  by  hearing  the 
blasting  of  those  above  them. 

The  Genesis  of  the  Blue  Spur  Deposit. 

The  above  concludes  the  general  description  of  a  deposit  the  origin 
of  which  is  a  subject  of  much  interest.  To  recapitulate  its  main 
features;  it  consists  of  a  mass  of  cement  and  conglomerate,  lying  in 
a  depression  formed  in  the  quartzose  mica-schists  of  the  Wanaka 
series  and  transverse  to  the  present  water-shed  of  the  district.  The 
country  has  a  dip  of  15°  to  20°  southwest,  the  inclination  increasing 
near  this  deposit.     The  rock  on  the  N.E.  side  conforms  in  dip  to 

*  This  is  outside  the  limits  covered  by  tlie  section  given  in  Fig.  27  and  is  there- 
fore not  shown. 

t  Tlie  Ausiralian  and  New  Zealander  calls  tiie  rock  rising  from  the  bed-rook  of 
the  gutter  the  "reef."  It  must  not  be  confounded  with  the  same  word,  fthich  is 
used  as  a  synonym  of  lode,  ledge  or  vein. 
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the  bounding- wall  of  the  deposit  ou  that  side.  On  the  Lawrence 
side,  there  is  no  conformity ;  the  schist  is  disordered  ;  and  the  boun- 
dary between  the  conglomerate  and  the  country-rock  is  almost  ob- 
literated. On  the  N.E.  side  the  bounding-wall,  when  first  uncov- 
ered, had  a  smooth,  polished  surface.  On  the  Lawrence  side  corru- 
gations and  irregular  holes  were  common  in  the  rim-rock.  The 
N.E.  wall  continues  underneath  the  face  of  the  opposite  side.  The 
gutter  itself  is  in  places  very  irregular;  it  has  one  particular  break 
of  20  feet  in  height;  it  is  separated  from  Gabriel's  Gully  by  a  rocky 
ridge,  and  has  a  general  rise  towards  Munro's  Gully. 

The  deposit  has  a  roughly-bedded  structure,  indicating  a  gentle 
dip  S.E.-ward  or  towards  Gabriel's  Gully.  The  wash  at  the  N.W. 
or  Munro's  Gully  end  is  the  coarsest.  Along  its  shorter  axis,  the 
dip  is  scarcely  noticeable,  save  near  the  edges.  It  is  more  flat  on  the 
Lawrence  side. 

Beds  of  lignite  occur,  confined  to  an  upper  horizon  of  the  deposit. 
The  dip  of  the  gutter  would  bring  the  conglomerate  above  the  pres- 
ent surface  as  we  go  northwest.  It  is  therefore  not  surprising  that 
no  traces  of  it  are  found  in  that  direction,  beyond  Munro's  Gully  ; 
for  erosion  has  removed  it.  Going  south-eastward,  however,  it  has 
been  uncovered  and  worked  in  the  next  parallel  gully.  Weather- 
stone's.  It  was  found  again  in  Waitahuna  Gully.  Along  the  same 
line,  other  smaller  patches  have  been  found  at  intervals,  and  finally 
at  Kaitangata,  according  to  Sir  James  Hector,  it  underlies  the  coal. 

The  Blue  Lead  in  Sierra  and  Nevada  counties,  California,  an  old 
river  of  Miocene  age,  was  to  the  Yuba  and  its  tributaries  what  the 
Blue  Spur  was  to  the  Tuapeka.  In  both  cases,  the  bulk  of  the  gold 
found  in  the  river-gravel  came  from  an  old  deposit,  the  course  of 
which  lay  at  right  angles  to  that  of  the  present  drainage-system. 

With  regard  to  the  age  of  the  Blue  Spur  deposit,  it  was  <fbviously 
formed  at  a  period  preceding  that  of  the  erosion  which  produced  the 
gullies  the  direction  of  which  it  crosses.  These  gullies  are  the 
source  of  streams  which  feed  the  Glutha,  whose  course  also  lies  across 
the  line  of  the  Blue  Spur  Lead.  The  Clutha  received  the  drainage 
of  glaciers  belonging  to  the  Pliocene  period.  The  Blue  Spur  is 
therefore  older  yet.  This  is  confirmed  by  its  occurrence  under  the 
coal-measures  of  the  Oamaru  formation  which  is  of  Eocene  or  Cre- 
taceo-Eocene  age.  It  is  thus  perhaps  the  oldest  gold  alluvium  which 
is  worked,  of  which  there  is  record. 

Its  origin  is  more  difficult  to  determine.  The  glaciers  were  in 
Eocene  times,  as  they  are  to-day,  the  great  natural  sculptors  of  the 
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face  of  Otago.  All  investigation  into  the  surface  geology  of  this 
portion  of  Xew  Zealand  points  to  this  agency  as  having  cut  out  the 
lake-basins  which  form  so  prominent  a  feature  of  the  country.  It  is 
glacial  action  which  is  generally  mentioned  as  explaining  the  origin 
of  the  Blue  Spur.  That  it  is  no  ordinary  ancient  river-deposit  is 
provfed  by  the  contour  of  the  bed-rock  ;  for  the  conglomerate  lies  in 
a  pot-hole  rather  than  in  a  regular  channel.  While  the  general 
slope  is  gently  southeastward,  the  lower  end  at  Gabriel's  Gully  is 
found  to  be  bounded  by  a  rocky  ridge  fully  75  feet  in  height ;  and 
midway  between  the  two  gullies  another  rapid  rise  of  20  feet  is  en- 
countered. Such  a  configuration  is  best  explained  by  considering  it 
as  a  pot-hole  or  hollow  scooped  out  by  ice-action.  Though  there 
are  no  striae  or  markings  produced  by  glacier  movements  now  to  be 
seen,  yet  this  is  in  no  way  remarkable;  for  the  bed-rock  is  of  too 
soft  a  character  to  have  preserved  any  such  evidence.  The  presence 
of  the  large  jasperoid  boulders  is  confirmatory.  They  do  not  belong 
to  the  locality,  since  no  similar  rock  is  found  nearer  than  the  Blue 
Mountains  or  Tapanui,  25  miles  northwestward.  They  were  car- 
ried down  by  the  ice.  The  character  of  a  large  portion  of  the  ma- 
terial forming  the  deposit  similarly  indicates  that  it  was  not  brought 
down  in  or  by  a  stream  of  water,  but  as  the  rocky  freight  of  a 
glacier.  A  large  part  of  the  wash  consists  of  angular  fragments  of 
quartz,  as  well  as  of  pieces  of  the  quartzose  schist-rock,  which  are 
not  rounded.  The  agency  which  eroded  the  depression  in  which  the 
auriferous  material  lies  was  assisted  by  the  structure  of  the  rock  at 
this  particular  point.  I  have  no  doubt  that  the  N.E.  bounding- wall 
of  the  deposit  forms  the  line  of  a  fault,  and  that  the  reason  of  the 
formation  of  the  rocky  basin  at  this  particular  spot  is  to  be  found  in 
the  fact  that  the  schist  had  been  crushed  by  the  movements  accom- 
panying faulting.  Of  this  the  N.E.  wall,  its  smooth  face,  and  its 
continuation  under  the  opposite  rim-rock,  together  with  the  crushed 
condition  of  the  S.W.  country  are  ample  evidence.  The  line  of 
fault  is  not  parallel  to  the  course  of  the  lead ;  the  two  meet  between 
Munro's  and  Gabriel's  Gully;  and  so  explain  the  enlargement  at 
that  point  of  the  receptacle  of  the  ore-deposit. 

This  explains  the  natural  selection  of  this  particular  place  as  the 
locus  of  the  deposit.  To  proceed  further,  the  glacier  in  its  slow 
downward  progress  to  the  sea  is  temporarily  arrested  by  the  softer 
rock  which  it  here  encounters  much  in  the  same  way  as  a  runner  is 
retarded  in  crossing  a  ploughed  field.  This  arrest  allowed  the  ac- 
cumulation of  a  terminal  moraine,  which,  protecting  the   rock    on 
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which  it  lay,  assisted  the  tendency  of  the  ice  to  erode  the  softer 
schist;  where  the  terminal  moraine  at  one  time  lay,  we  now  find  the 
rocky  bar  shov/n  in  Fig.  27.  A  hollow  was  scooped  out.  This  was 
in  early  Eocene  days.  A  little  later,  that  subsidence  took  place 
which  preceded  the  deposition  of  the  Oamaru  series.  This  caused 
the  retirement  of  the  glacier,  or  more  accurately,  the  melting  away 
of  its  lower  portion.  The  rocky  basin  which  had  been  scooped  out 
by  the  ice  now  became  a  fresh-water  lake,  with  its  upper  end  still 
guarded  by  the  glacier.  The  ice  which  broke  away  from  the  foot  of 
the  glacier  bore  with  it  the  large  jasperoid  boulders  which  had 
been  brought  down  from  Tapanui.  This  and  other  material  was 
borne  across  the  lake,  to  fall  eventually  upon  its  bottom  as  the  ice- 
floes melted.  In  the  meantime,  up  above,  the  glacier  continue'!  to 
plough  through  the  soft  quartzose  schists  and  sent  down  a  golden 
tribute,  derived  from  the  lode-formations  which  it  cut  through. 
The  fine  flakes  of  gold  were  accompanied  with  micaceous  mud  and 
angular  bits  of  quartz,  all  to  be  deposited  in  the  capacious  hollow  of 
the  lake.  Thus  the  rocky  basin  became  gradually  filled  up  with 
confused  layers  of  big  jasperoid  boulders,  quartz-gravel  and  bluish 
mud,  the  gold  sifting  its  way  to  the  lower  portions.  The  subsidence 
continuing,  and  with  it  the  slow  retirement  of  the  glacier,  and  the 
lake  being  nearly  full  of  detritus,  it  became  a  morass.  Vegetation 
took  root  and  flourished  for  a  brief  period.  A  time  of  flood  due  to 
excessive  thaw  brought  down  a  volume  of  water  bearing  the  sand 
and  gravel  which  covered  the  vegetation.  Being  thus  protected 
from  the  air,  the  reeds  of  the  morass  became  the  lignite  of  to-day. 

A  river  linking  a  series  of  small  lakes,  of  which  the  Blue  Spur 
was  one,  now  flowed  along  the  course  of  the  present  alluvial  lead. 
Additional  material  was  deposited  in  some  places,  while  material  was 
removed  in  others.  In  the  middle  of  the  Eocene  period,  the  eleva- 
tion of  the  laud  culminated  and  changed  the  drainage-system  of  the 
district.  In  Miocene  times,  the  Clutha  and  its  tributaries  began 
to  flow  across  the  line  of  the  Blue  Spur  lead.  That  erosion  then 
commenced  which,  in  the  cutting  out  of  Munro's,  Gabriel's  and 
Weatherstone's  gullies,  left  the  gravel-deposit  as  a  part  of  a  dividing 
ridge. 

Reference  has  been  made  by  Hutton  to  the  fact  that  certain  of  the 
Eocene  beds  contained  gold  in  order  to  explain  its  occurrence  in  the 
Blue  Spur  deposit.  This  is  not  needed.  The  examination  of  the 
material  composing  the  conglomerate  shows  that  the  larger  part  is 
derived  from  the  degradation  of  the  primary  schists.     The  grinding 
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by  the  ice  of  these  soft  rocks  formed  the  mud  which  is  now 
"  cement."  It  was  from  the  quartzose  folia  that  was  derived  the 
coarse  gravel,  and,  finally,  it  was  the  gold  which  elsewhere  to-day  is 
found  in  the  lodes  and  even  in  the  rocks  of  the  Wanaka  series,  which 
made  the  Blue  Spur  not  only  a  geological  study  but  also  a  very 
valuable  gold-mine. 

Conclusion. 

The  consideration  of  the  gold-deposits  of  Otago,  whether  in 
lodes  or  alluvium,  is  intimately  connected  with  the  study  of  the 
quartzose  schists  which  are  the  characteristic  country-rock  of  the 
one  and  the  bed-rock  of  the  other.  In  many  respects  these  rocks 
are  remarkable.  Their  extent  and  unbroken  continuity  have  been 
referred  to;  allusion  has  also  been  made  to  the  many  interesting 
physiographical  studies  which  they  offer;  and  it  now  remains  to 
briefly  refer  again  to  their  auriferous  character. 

That  the  bulk  of  the  gold  of  the  extensive  alluvium  of  Otago 
came  from  the  degradation  of  the  known  lodes,  I  do  not  believe. 
The  mere  proportion  of  the  known  extent  of  the  one  to  that  of  the 
other  may  be  an  insufficient  basis  for  such  a  conviction,  for  in  this 
country,  as  in  other  comparatively  new  regions,  the  mineral  de- 
posits are  only  in  an  infancy  of  development ;  yet  this  fact  has  some 
weight.  The  chief  evidence  comes,  however,  from  the  known  rela- 
tions of  the  lodes  to  the  country-rock,  and  from  the  character  of  the 
alluvial  gold  itself. 

It  is  not  necessary  to  recapitulate  the  observations  made  on  the 
lodes ;  how  they  are  for  the  most  part  ore-channels,  the  auriferous 
filling  of  which  shades  off  into  the  surrounding  country,  as  regards 
both  gold-contents  and  structure.  The  gold  of  the  alluvium  has 
not  that  shotty  character  familiar  to  the  digger  of  Australia  or  Cali- 
fornia. An  exception  must  be  made  of  the  small  placer-deposits  of 
some  of  the  mountain  streams,  the  nuggety  gold  of  which  is  easily 
traceable  to  its  source  in  the  neighboring  quartz-veins.  Such  gold 
is,  however,  quite  exceptional,  and  altogether  of  a  character  different 
from  that  of  the  great  fluviatile  and  lacustrine  deposits  of  the  Clutha 
and  Shotover,  the  wealth  of  which  is  contained  in  the  very  fine 
flaky  gold,  which  is  like  bran  and  notable  for  its  uniformity  of  size 
and  wide  dfstribution.  It  has  a  character  making  it  easy  of  recog- 
nition among  samples  coming  from  other  districts.  It  is  also  re- 
markable that  quartz  stones  showing  gold  are  of  very  rare  occur- 
rence at  the  Blue  Spur  or  in  the  gravel-deposits  of  the  Clutha  and 
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Shotover.  The  gold  came,  I  believe,  as  did  the  gravel  through 
which  it  is  distributed  and  the  cement  in  which  it  is  often  imbedded, 
not  from  the  few  comparatively  insignificant  quartz-lodes,  but  from 
the  great  mass  of  the  quartzose  schists.  The  quartz  folia  which 
form  the  characteristic  feature  of  the  schists  of  Otago  are  known  iu 
places  to  carry  gold  far  outside  the  limits  of  any  of  the  particular 
lode-channels  which  also  traverse  them.  One  could,  with  perfect 
reason,  regard  the  whole  belt  of  quartzose  schists  as  one  large  bed- 
vein,  in  which  the  lodes  now  worked  are  merely  small  cross- veins, — 
a  large  gold-vein,  through  which  for  ages  the  glaciers  have  ploughed 
an  easy  way,  cutting  furrows  from  which  the  quartz  and  schist  have 
been  swept  by  wind  and  rain  into  the  swift  waters  of  the  Clutha  and 
Shotover,  to  be  laid  down  by  them  in  the  form  of  the  great  banks 
and  terraces  of  gold-bearing  alluvium,  which  to-day  are  the  chief 
depositories  of  the  mineral  wealth  of  Otago. 


ALLUVIAL  MINING  IN  OTAGO. 

BY  T.   A.    RICKARD,    DENVER,    COLORADO. 
(Lake  Champlain,  Plattsburgh,  Meeting,  June,  1S92.) 

In  a  previous  paper  {ante,  p,  411)  some  description  was  given  of 
the  occurrence  of  the  auriferous  alluvium,  extensive  deposits  of 
which  lie  among  the  highlands  of  the  province  of  Otago,  New 
Zealand.  The  present  paper  will  describe  some  of  the  methods  by 
which  that  alluvium  is  exploited. 

The  alluvial  mining  of  Xew  Zealand  is  not  yet  hindered  by 
"debris  legislation."  The  mines  are  for  the  most  part  situated  in  a 
country  of  little  agricultural  value,  and  large  rivers  with  rapid  cur- 
rents act  as  tailings  conveyors.  In  time,  however,  steps  will  have 
to  be  taken  to  restrict  the  discharge  into  the  Clutha  of  the  tailings 
which  are  slowly  raising  the  river-bottom. 

The  methods  of  California  have  been  followed  in  Otago  with  such 
alterations  as  peculiar  local  conditions  require.  The  distinctive 
feature  of  the  alluvial  mining  of  Otago  is  the  prominence  given  to 
the  hydraulic  elevator.  The  all-important  factor  iu  this  form  of 
mining  is  the  control  of  an  abundant  water-supply  at  a  suitable 
height  above  the  level  where  it  is  to  be  utilized;  and  iu  this  respect 
the  gold-fields  of  the  south  island  of  Xew  Zealand  are  most  favora- 
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bly  situated,  the  low  level  of  the  snow-line  insuring  a  splendid  sup- 
ply throughout  the  year,  and  under  a  pressure  which,  in  practice,  is 
only  limited  by  the  strength  of  the  plant  and  the  expense  incurred  in 
its  installation.  This  is  in  marked  contrast  with  the  gold-fields  of 
the  Australian  continent,  which  have,  on  the  other  hand,  a  magnifi- 
cent supply  of  the  best  mining-timber. 

Next  to  the  hydraulic  elevator  in  importance  comes  the  dredge, 
the  use  of  which  in  Otago,  under  several  forms,  is  rapidly  extend- 
ing in  the  exploitation  of  the  river-bottoms  and  sea-beaches. 

The  Hydraulic  Elevator. 

This  machine,  which  is  destined  to  have  an  ever-widening  field  of 
usefulness,  consists  essentially  of  an  inclined  pipe,  at  the  bottom  of 
which  a  jet  of  water  under  heavy  pressure  is  allowed  to  play,  and 
by  its  action  propel  through  the  pipe  the  gravel  and  water  which 
enter  at  its  lower  opening.  The  action  of  the  jet  at  the  foot  of  the 
elevator  is  not  limited  to  the  direct  force  of  the  water  liberated  under 
a  heavy  pressure,  but  is  also  in  a  large  measure  aided  by  the  strong 
suction  induced  by  the  vacuum  created  by  the  upward  rush  of  the 
water.  This  suction  is  also  of  importance  in  that  it  draws  the  gravel 
through  the  opening  and  thereby  does  the  feeding.  Originally  the 
pipe  of  the  elevator — called  the  uptake  or  discharge-pipe — was  sepa- 
rate from  the  jet  or  nozzle  which  was  directed  up  it ;  but  in  the 
newer  forms  of  the  machine  the  two  are  combined  into  one  compact 
casting.  Not  only  has  this  modification  made  the  elevator  a  more 
complete  machine,  but  by  diminishing  the  unnecessary  distance  be- 
tween the  jet  and  the  opening  which  admits  the  gravel,  it  has  allowed 
a  greater  advantage  to  be  derived  from  the  suction  induced  by  the 
rapid  passage  of  the  water. 

By  reference  to  Figs  1  to  5  the  following  description  will  be  under- 
stood. The  bottom  of  the  elevator  has  a  bracket,  called  the  "  foot," 
which  is  placed  upon  the  bed-rock  upon  which  lies  the  gravel  which 
it  is  intended  to  raise.  The  water  and  gravel  enter  at  the  "  hopper  " 
or  intake  C,  being  drawn  in  by  the  suction  caused  by  a  powerful  jet 
of  water  which  passes  through  the  "jet"  or  "  nozzle  "  B  and  im- 
pinging upon  the  entering  gravel  and  water  sweeps  them  up  the  ele- 
vator or  "  uptake  "  pipe  D.  At  the  upper  end  of  this  pipe  the  gravel 
is  deflected  by  the  "  striking-plate  "  S  (Fig.  1)  and  proceeds  down 
the  series  of  sluice-boxes  arranged  at  a  gentle  incline.  These  sluice 
boxes  are  provided  along  their  bottom  with  riffles  and  other  con- 
trivances to  arrest  the  gold  carried  in  the  gravel,  from  which  it 
separates  by  the  action  of  gravity. 


444 


ALLUVIAL   MIMING   IN    OTAGO. 


ALLUVIAL    MINING    IN    OTAGO.  445 

Gravel  and  water  hurled  with  such  velocity  as  belongs  to  a  jet 
under  a  head  of  several  hundred  feet,  must  produce  great  wear  and 
tear  upon  any  surface  against  which  they  impinge.  The  greatest 
amount  of  friction  takes  place  at  the  lower  part  of  the  uptake-pipe, 
called  the  "  throat "  (E).  This  is  narrowed  so  as  to  prevent  the 
sca'ttering  of  the  jet  and  the  consequent  decrease  of  its  effectiveness. 
A  strong  removable  casting  called  the  "  liner,"  is  here  inserted.  It 
increases  gently  in  diameter  from  its  lower  end  upward.  See  Figs. 
2  and  5.     A  liner  three  inches  thick  lasts  about  six  weeks. 

Passing  up  the  elevator  pipe,  the  gravel  meets  the  "  striking- 
plate."  This  is  a  heavy  piece  of  iron  2  feet  square  and  3  inches 
thick.  It  should  last  from  two  to  three  months;  but  a  defective 
casting  will  be  broken  in  a  few  hours.  The  force  of  the  ejected 
gravel  is  not  all  expended  upon  the  striking-plate,  hence  the  head 
sluice-box,  the  sides  of  which  are  usually  raised  to  2^  feet,  is  lined 
with  iron  plate  (No.  12  boiler-plate),  to  protect  the  wood- work. 

When  properly  handled,  the  elevator  is  a  most  effective  machine, 
raising  a  cubic  yard  or  1\  tons  of  gravel  per  minute,  together  with 
a  large  volume  of  water.  Thus  it  not  only  lifts  the  gravel  but  also 
acts  as  a  pump  in  getting  rid  of  the  water  used  in  breaking  down 
the  face  of  the  wash.  Its  usefulness  in  the  latter  capacity  is  highly 
important  to  those  engaged  in  the  working  of  claims  the  bedrock 
of  which  may  be  below  the  drainage-level.  It  is  this  feature  of  the 
machine  which  has  rendered  it  of  special  service  in  the  alluvial 
mines  bordering  upon  the  rivers  of  Otago. 

The  first  introduction  of  the  hydraulic  elevator*  in  Otago  was 
made  by  Cranston  and  Perry  in  1882.  John  Perry  did  a  good 
deal  of  experimental  work  about  that  time,  and  in  1884  inaugurated 
the  first  successful  working  at  the  Blue  Spur  in  Gabriel's  Gully. f 

The  Blue  Spur. — This  ranks  among  the  first  of  the  alluvial  mines 
of  Xew  Zealand.  The  English  company  (the  Blue  Spur  and  Gabriel's 
Gully  Consolidated  Mining  Company  Limited),  which  was  formed 
by  the  amalgamation  of  a  large  number  of  miners'  claims,  is  at 
present  only  working  the  tailings,  of  which  there  is  an  enormous 
body  lying  in  Gabriel's  Gully.     These  tailings  have  a  maximum 

*  Also  called  "tailings  elevator"  at  Ballarat,  "ejector"  and  "  lift"  in  Otago. 

f  Since  writing  the  above,  my  attention  has  been  drawn  to  a  description  by  Dr. 
K.  W.  Raymond  {Trans.,  viii.,  254),  of  a  dredge  invented  by  Gen.  Roy  Stone,  in 
which  a  jet  under  heavy  pressure  is  used  to  break  the  material  under  water  (as  a 
similar  nozzle  does  on  land),  and  the  material  so  excavated  is  sent  to  the  surface  by 
the  action  of  another,  larger  jet,  working  inside  a  pipe. 
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thickness  in  the  center  of  the  gully  of  72  feet,  while  the  face  now 
being  worked  is  59  feet  high.  They  are  estimated  to  cover  an  area 
of  120  to  130  acres,  of  which  the  company  owns  23  acres. 


Fig.  5. 
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The  original  deposit,  described  in  my  former  paper  [ante,  p.  132), 
was  first  worked  by  numerous  small  parties  of  miners  by  means 
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of  ground-sluicing  supplemented  with  the  crushing  of  the  larger 
lumps  of  cement  in  small  stamp-mills,  the  big,  hard  boulders  being 
picked  out  previously  by  hand  and  thrown  to  one  side.  I  could  not 
find  that  any  gold  was  got  in  the  large  quartz  pebbles;  it  was  al- 
most entirely  confined  to  the  blue  cement  forming  the  bulk  of  the 
material.  This  cement  was  very  hard,  and  the  gold  now  obtained 
is  due  in  large  measure  to  the  disintegration  of  the  solid  lumps  left 
in  the  tailings. 

The  accompanying  sketch,  Fig.  6,  will  indicate  the  appearance  of 
the  workings  and  the  method  of  exploitation.  To  the  left  is  seen 
the  nozzle  or  giant,  the  diameter  of  the  brasses  being  2^  inches, 
supplied  by  a  10-inch  pipe  carrying  water  under  a  head  of  400  feet. 
The  water-race,  fed  from  the  Waipori  river,  is  31  miles  long.  The 
nozzle  is  represented  as  playing  upon  a  face  of  tailings  about  59  feet 
high,  separated  from  the  bed-rock  by  6  to  8  feet  of  -black  silt,  in 
which  are  the  layers  of  wash  which  were  worked  in  the  early  days, 
as  is  evidenced  by  the  timbers  of  old  shafts  and  drifts  which  are 
occasionally  displaced  by  the  water.  Immediately  above  the  lower 
bed  of  alluvium  was  the  site  of  the  old  township  which  sprung  up 
at  the  time  of  the  rush  of  1861,  now,  however,  completely  buried 
under  50  to  60  feet  of  tailings.  Its  former  position  is  proved  by  the 
miscellaneous  assortment  of  articles*  which  the  sluice-boxes  collect. 
These  occur  imbedded  in  the  silt  together  with  a  large  quantity  of 
lead  in  the  form  of  shot,  reminders  of  that  eccentric  fusilading  which 
often  characterizes  a  mining  camp  in  its  early  stages.  The  gold 
obtained  from  this  ground  is  usually  coated  with  quicksilver. 

The  nozzle  is  about  50  yards  from  the  first  elevator,  which  is 
shown  next  to  the  right.  The  wash  is  driven  by  the  water  from  the 
nozzle  into  the  opeuing  or  hopper  of  the  elevator,  the  man  in  charge 
removing  the  larger  boulders  which  tend  to  choke  it.  The  dimen- 
sions are:  hopper,  14;  jet,  2;  throat,  6|,  and  uptake  pi{)e  15  inches 
in  diameter.  The  water  which  does  the  work  comes  under  a  pres- 
sure of  430  feet  through  a  10-iuch  pipe.  The  material  is  lifted  15J 
feet,  and,  impinging  upon  the  striking-plate,  passes  down  the  sluice- 
boxes  which  are  3  feet  wide  and  in  lengths  of  12  feet,  with  a  grade 
of  9  inches  in  12  feet.  Two  hundred  and  forty  feet  further  to  the 
right  is  the  second  elevator,  which  raises  the  gravel  again,  this  time 

*  Coins,  gold  and  silver,  rings,  copper  rivets,  nails,  etc.  Among  other  curiosi- 
ties, the  manager  showed  me  several  nuggets  which  had  been  obtained  in  cleaning 
up.  These,  judging  by  the  character  of  the  gold,  were  obtained  in  some  other  dis- 
trict, very  probably  Ballarat,  and  lost  here. 
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through  a  vertical  height  of  56  feet  through  a  pipe  65i  feet  long, 
inclined  at  an  angle  of  58°  45'.  The  second  elevator  has  dimen- 
sions similar  to  'those  of  the  first,  and  delivers  the  material  into 
sluice-boxes  having  a  grade  of  9^  inches  in  12  feet,  whence  it  is 
finally  deposited  on  the  tailings- heaps,  most  of  the  water  finding  its 
way  into  the  main  drain  along  the  true  bottom  of  the  gully.  One 
of  the  shafts  connecting  with  the  drain  is  shown  to  the  middle  right 
of  the  sketch.  In  the  immediate  foreground  is  the  pressure-pipe  of 
the  first  elevator.  The  smaller  pipe  shown  near  the  elevator  itself 
is  only  brought  into  use  in  cleaning  up  the  sluice-boxes.  The  face 
of  the  bank  of  tailings  is  kept  up  by  an  arrangement  of  fascines, 
which  are  roughly  indicated  to  the  right,  above  the  shaft. 

All  the  gold  saved  is  obtained  from  the  run  of  sluice-boxes  be- 
tween the  two  elevators.  These  boxes,  as  already  slated,  have  a 
general  grade  of  9  inches  in  12  feet,  but  the  last  two  or  three  have  12 
to  14  inches.  The  bottoms  are  covered  with  cocoanut  mattinof, 
over  which  are  placed  riffles  of  angle-iron  riveted  to  angle-iron. 
The  end  boxes  are  provided  instead  with  f-inch  perforated  |-inch  iron 
plate. 

The  details  of  the  plant  are  shown  in  Figs.  7  to  11.*  The  ele- 
vator is  not  of  the  best  type;  the  manager  does  not  recommend  it. 
The  T-piece  and  blind  flange  mean  an  unnecessary  resistance  to  the 
water.  The  best  form  approximates  that  to  be  described  later  on  as 
in  use  at  some  of  the  newer  mines  on  the  Clutha  river.  The  con- 
nection between  the  pressure-pipe  and  the  elevator  should  take  place 
along  a  greater  angle,  since  the  less  the  deflection  of  the  water  the 
greater  the  efficiency  obtained. 

The  striking-plate  is  a  casting  24  by  24  inches  by  3  inches  thick. 
The  head-box  is  lined  with  No.  12  boiler-plate  to  protect  the  wood- 
work against  the  stones  deflected  from  the  striking-plate. 

It  is  not  found  necessary  to  use  deflectors  with  the  nozzle.  The 
usual  feathers — shown  in  section  A  B,  Fig.  10 — for  keeping  the 
water  from  scattering,  are  provided.  The  ball-joint  with  pin  per- 
mits the  vertical  movement  of  the  director.  Instead  of  the  universal 
joint  which  is  so  apt  to  get  jammed,  a  large  holding-down  bolt  regu- 
lates the  horizontal  motion. 

The  manager  of  the  Blue  Spur  has  designed  a  new  form  of  riffle. 
The  angle-iron  on  angle-iron  is  a  riffle  which  entails  a  great  waste  of 
material,  to  avoid  which  a  reversible  form  would  be  advantageous. 

*  Traced  from  the  original  of  Mr.  Howard  Jackson,  the  manager,  who  kindly 
granted  permission. 
VOL.  XXI.— 29 
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This  is  shown  in  Fig.  12.  The  eight  bars  are  not  riveted  each  sep- 
arately, as  is  usual,  but  rest  upon  mortices  or  recesses  in  the  two 
lateral  retaining-bars,  and  are  kept  in  position  by  the  two  bolts  as 
indicated.  In  this  way,  when  the  edge  of  one  side  of  the  riffle-bars 
becomes  worn  out,  it  is  but  the  work  of  a  few  minutes  to  loosen  the 
bolts  and  reverse  the  bars.  With  such  an  arrangement  it  is  neces- 
sary that  the  bars  should  be  accurately  cut,  otherwise  they  do  not 
remain  firmly  in  place. 

While  the  plant  at  the  Blue  Spur  is  by  no  means  the  best  in  Otago, 
yet  the  following  record,  given  to  me  by  the  manager,  shows  that 
very  good  work  is  done  here. 

In  working  a  face  of  tailings,  55  feet  high,*  26,929  cubic  yards 
were  raised  and  dumped  a  height  of  87.8  feet  in  a  period  of  680 
hours. 

The  yield  obtained  was  115  ounces,  11  pennyweights,  16 

grains,  worth £433.8.9 

The  working  cost  included  3  men,  .         .         .         £89.5.0 

Two  liners  worn  out,         .....  10.4.0 

Add  to  this  for  depreciation  of  plant,  manage- 
ment, etc., 99.9.0. 

The  total  cost  was, 198.18.0 

Leaving  a  profit  of, £234.10.9 

The  value  of  the  material  was  5.6  pence  per  yard  or  3f  pence  per 
ton. 

The  co.st  of  working  was  1.77  pence  per  cubic  yard  or  1.18  pence 
per  ton. 

The  water  used  with  2  elevators  and  1  nozzle,  was  as  follows : 

No.  1  Elevator,  450-ft.  head.  Pressure  193  pounds  per  square 
inch.     8f  sluice-heads.f 

No.  2  Elevator,  375-ft.  head.  Pressure  164  pounds  per  square 
inch.     10  sluice-heads. 

Nozzle,  375-ft.  head.  Pressure  164  pounds  per  square  inch.  3| 
sluice-heads. 

The  gold  won  from  the  sluice-boxes  was  97  ounces,  16  penny- 
weights, 18  grains,  worth  £366  17s.  lOd. 

Pickings  from  the  "  reef"  or  rim-rock,  17  ounces,  14  pennyweights, 
22  grains,  worth  £66  10.s.  lid. 

*  The  tailings  have  consolidated  by  reason  of  the  cement  of  the  original  de- 
posit, which  they  contain,  and  present  the  character  of  ordinary  wash. 

t  A  sluice-head  of  water  equals  theoretically  1  cubic  foot  per  second  ;  in  practice 
it  is  usually  calculated  at  50  cubic  feet  per  minute. 
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The  latter  gold  was  imbedded  in  the  crevices  of  the  schist  which 
forms  the  bed  rock. 

Considering  that  this  work  was  done  under  the  disadvantages  of 
a  much  worn  and  by  no  means  first-rate  plant,  it  is  needless  to  em- 
phasize the  good  results  obtained  in  so  far  as  economy  of  handling 
is  concerned. 

It  so  happens  that  at  the  North  Bloomfield  claim,  in  California,  the 
elevator  was  used  under  conditions  which  render  a  comparison  in- 
teresting. There  a  more  elementary  type  of  elevator  was  in  use,  the 
jet  not  being  a  part  of  the  machine  itself,  not  even  inserted  inside 
the  mouth-piece,  but  so  placed  as  to  shoot  up  the  line  of  the  elevator 
pipe.  There  one  elevator  lifted  gravel  a  vertical  height  of  87  feet ; 
here  two  elevators  raised  the  material  in  two  lifts  of  31.8  and  56 
feet  respectively  to  a  total  height  of  87.8  feet.     At  the  Blue  Spur  a 
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nozzle  with  a  head  of  375  feet  and  delivering  3f  sluice-heads  (or 
270,000  cubic  feet  per  24  hours)  did  the  work  of  breaking  down  the 
bank,  which  at  the  North  Bloomfield  was  done  by  a  stream  of  800 
miners'  inches  (or  1,  784,000  feet  per  24  hours),  under  a  head  of 
450  feet.     Other  figures  are  as  follows : 


Height  of  face  of  gravel, 
Diameter  of  elevator-pipe,  . 
At  the  throat, 
Diameter  of  jet,     . 
Water  used  in  the  elevators, 


Under  a  head  of 
Capacity  of  the  plant  per  24 
hours,        .         .         .         . 


Blue  Spur. 
55  feet. 
15  inches. 
6i  inches. 
2  inches. 
18|  sluice-heads 
or    1,350,000 
cubic  feet  per 
24  hours. 
410  feet. 


North 
Bloomfield. 

135  feet. 

22  inches. 

14  inches. 

6J  inches. 

1400  miners'  inches 

or  3,122,000  cubic 

feet  per  24  hours. 

530  feet. 


1000  cubic  yards.   2400  cubic  yards. 
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The  wear  and  the  tear  at  the  North  Bloornfield  was  found  so 
excessive  that  the  use  of  the  elevator  was  discontinired.  Under  the 
conditions  which  obtained  there,  nothing  less  than  25  cents  per  cubic 
yard  would  pay.* 

The  Island  Block. — A  modern  plant  may  be  seen  at  the  Island 
Block,  where  three  elevators  are  at  work.  The  deposit  was  described 
in  my  former  paper  [ante,  p.  431)  as  an  old  channel  of  the  river 
Molyneux  or  Clutha.  At  the  time  of  my  visit,  the  face  of  wash  was 
40  to  51  ft.  high,  the  top-gravel  being  poor  but  not  absolutely  bar- 
ren, while  the  "  pay"  consisted  of  the  lowermost  10  to  15  feet.  The 
o-old  is  accompanied  by  a  large  amount  of  fine  black  iron  sand,  the 
bulk  of  which,  on  cleaning  up,  is  collected  with  a  magnet.  The 
nu2;gets  found  in  alluvial  mining  elsewhere  are  unknown  here,  for 
the"  precious  metal  occurs  in  rounded  flakes,  of  a  fairly  uniform  size 
and  rarely  more  than  -^^  inch  in  diameter.  The  wash  contains 
numerous  pebbles  of  what  the  miners  call  "  black  maori,"  a  sort  of 
siliceous  wad,t  resulting  from  the  hydration  and  oxidation  of  rho- 
donite, the  silicate  of  manganese.  The  transition  can  sometimes 
be  observed.  The  quartzose  schists  form  the  bed-rock,  but  are  not 
represented  by  any  large  boulders,  their  easy  degradation  having 
produced  the  small  angular  quartz  stones,  the  sand  and  the  dark 
blue  silt  which  form  so  large  a  proportion  of  the  wash. 

A  plant  of  unusual  excellence  has  been  erected  here.  The  bed- 
rock being  below  the  level  of  the  river,  the  wash  is  raised  by  hy- 
draulic elevators  into  sluice-boxes,  a  lift  of  40  to  60  ft.  To  do  this 
work,  water  is  taken  from  a  stream  named  the  Fruid  burn,  and  con- 
ducted through  pipes  of  lap-welded  steel,  until  it  arrives  at  the 
elevators,  where  it  comes  under  a  head  of  760  feet.  Starting  from 
the  penstock  or  pressure-box  with  a  double  main,  each  branch  having 
a  diameter  of  16J  inches,  the  water,  after  17  chains,  is  delivered 
into  a  single  pipe  which  for  27  chains  has  a  diameter  of  161  inches, 
to  be  reduced  to  a  pipe  15  inches  diameter,  which  conducts  it  to.  the 
immediate  vicinity  of  the  heading  when  a  final  reduction  to  9  inches 
diameter  takes  place.  The  discharge  or  uptake  pipe  of  the  elevator 
is  15  inches  and  the  jet  is  2i  The  material  lifted  per  elevator 
varies  with  the  character  of  the  gravel  from  30  to  40  tons  per  hour. 
The  lap-welded  steel  pipes  are  all  manufactured  in  England.  Their 

*  This  information  I  owe  to  Mr.  W.  H.  Radford,  formerly  superintendent  of 
North  Bloornfield. 
t  As  was  pointed  out  to  me  by  Professor  G.  H.  F.  Ulrioh,  now  of  the  University 

•     of  Otago. 
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thickness  varies  from  ^  to  ^^  of  an  inch  ;  the  greater  thickness  is 
found  to  make  them  too  heavy  and  the  less  is  far  more  than  equal 
to  any  strain  to  which  they  may  be  subjected.  They  are  said  to  have 
been  tested  up  to  1000  pounds  per  square  inch  previous  to  being 
sent  out.  The  price  of  these  pipes  varies  from  8s.  2d.  per  foot  for 
15-inch  pipes  to  4s.  9d.  for  11 -inch  ;  but  the  average  has  been  about 
6s.  6d.  for  the  15-inch  pipes,  of  which  the  greatest  length  has  been 
used.  This  figure  should  not  prevent  their  extensive  use  on  the 
part  of  companies  desirous  of  erecting  a  first-class  permanent  plant. 

All  the  joints  are  fared  wdth  the  lathe  and  the  pipes  are  in  18-feet 
lengths.  Of  course  such  lap-welded  pipes  severely  test  the  joints, 
the  excess  of  pressure  on  which  is  not  relieved,  as  is  ordinarily 
the  case,  by  leakage  along  rivets.  The  pattern  adopted  is  the 
Kimberly  (Fig.  13). 

A  is  a  loose  angle-iron  flange  which  is  slipped  on  before  the  ring 
B  is  shrank  on  to  the  pipe.  This  arrangement  is  very  convenient, 
since  the  bolt-holes  in  the  flanges  can  be  made  to  fit  without  all  the 
trouble  of  turning  a  length  of  pipe.  The  drawback  to  this  form  of 
joint  consists,  however,  in  the  fact  that  for  rough  country  it  is  not 
well  adapted,  since  with  any  movement  the  shoulder  is  apt  to  slip 
out  of  its  recess,  producing  a  leak.  For  fairly  straight,  permanent 
lines  it  is  most  desirable. 

The  wash  is  thrown  by  the  elevators  into  sluice-boxes  of  Kauri 
pine,  3  feet  wide,  1  foot  deep,  and  in  lengths  of  12  feet.  Old  40- 
pound  rails  are  used  to  support  them.  (See  Fig.  14  )  They  are 
lined  with  thin  sheet-iron,  and  set  at  a  grade  varying  with  the  mate- 
rial treated,  the  average  being  8  inches  per  12  feet.  With  the 
"  stripping"  or  uppermost  layers  of  "  wash,"  this  is  increased  to  9 
inches  ;  and,  on  the  other  hand,  the  last  few  boxes  of  a  series  are 
inclined  at  from  7  to  7|  inches  only.  Sacking  (common  bags,  ripped 
up)  is  put  along  the  bottom  of  the  upper  boxes,  underneath  the  riffle- 
bars.  The  riffles  are  of  the  usual  form,  angle-iron  riveted  to  angle- 
iron.  After  a  varying  distance — 100  to  150  feet — of  ordinary  riffles 
there  succeeds  a  series  of  *'  under-currents"  or  false  bottoms.  These,, 
like  the  "  grizzly,"  or  sizing-bars  of  a  stamp-mill,  serve  to  separate 
the  larger  boulders  from  the  finer,  richer  wash.  In  their  arrange- 
ment a  set  of  iron-bar  riffles  follows  the  ordinary  angle-iron  riffle  ;. 
that  is  to  say,  the  first  bar  (of  a  set  of  flat  iron  bars,  ylg-  inch  apart) 
is  placed  upon  the  last  bar  of  angle-iron,  so  as  to  form  a  sieve  or 
false  bottom  through  which  most  of  the  fine  wash  finds  its  way. 

The  false  bottom  is  placed  at  a  less  inclination  than  the  sluice-box,. 
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and  as  a  consequence,  the  depth  increases  gradually  until,  at  the  end 
of  two  l2-feet  sluice-boxes  the  distance  between  the  riffles  and  the 
bottom  is  4  inches.  In  this  length  of  24  feet  a  succession  of  vari- 
ous forms  of  riffles  is  employed.  First  come  the  iron-bar  riffles 
already  noted,  for  a  length  of  4  feet.  These  are  found  very  effective 
in  saving  the  fine  gold.  Then  come  two  sheets  of  perforated  iron, 
followed  by  a  "  blank  "  or  piece  of  plain,  ordinary  iron  plate.  This 
last  is  put  in  to  economize  the  water,  so  much  of  which  would  other- 
wise pass  through  into  the  under-current  that  the  remainder  would 
be  insufficient  to  carry  forward  the  coarser  material.  This  blank  is 
above  the  lower  end  of  the  under-current  and  is  followed  by  a  suc- 
cession of  ordinary  angle-iron  riffles,  to  be  again  followed  with 
another  separation  by  a  second  under-current.  In  this  way  the  wash 
is  sized,  the  coarse  passing  on,  while  the  finer,  more  auriferous  gravel 
is  treated  apart,  in  the  "  side-runs  "  to  be  described  later  on. 

Fig.  14. 
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The  upper  sluice-boxes  are  lined,  as  I  have  said,  with  ordinary 
sacking;  but  from  the  top  of  the  first  under-current,  cocoanut  mat- 
ting is  substituted,  linen  being  placed  underneath.  The  heavy, 
black  iron-sand  containing  the  gold  finds  its  way  through  the  mat- 
tino-  which  serves  so  well  to  arrest  it  and  lies  upon  the  linen  which 
covers  the  wood-work.  The  total  length  of  sluice-boxes  varies  from 
200  to  300  feet,  according  to  the  changes  in  the  coarseness  and  rich- 
ness of  the  wash. 

At  the  end  of  the  under-currents,  the  finer  gravel  which  has  thus 
been  separated,  is  diverted  into  "side-runs"  or  "streamers."  These 
are  tables  placed  by  the  side  of  the  main  line  of  boxes  in  order  to 
effect  the  collection  of  gold.  The  arrangement  comprises  two  tables 
(Fig.  15),  each  3  feet  broad  by  24  feet  long,  placed  at  a  grade  of 
10  inches  in  12  feet.  They  are  ordinarily  covered  with  cocoanut 
matting  ;  but  when  washing  the  residues  obtained  from  the  cleau-up 
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of  the  sluice-boxes,  the  uppermost  4  feet  are  covered  with  green 
baize.  Plush  was  tried  for  this  purpose  but  it  was  found  that  the 
large  quantity  of  black  sand  choked  it.  Of  such  a  pair  of  "  side- 
runs/' one  is  used  at  a  time;  the  inlet  in  the  delivery-box  being 
closed  with  a  piece  of  sheet- iron.  The  material  is  diverted  from  one 
table  to  another  every  two  to  four  hours,  depending  upon  the  fine- 
ness and  richness  of  the  gravel.  In  cleaning  up,  most  of  the  black 
iron-sand  is  removed  while  wet  by  the  use  of  the  magnet ;  after  dry- 
ing, some  of  the  lighter  impurities  are  eliminated  by  blowing.  The 
"  blowings "  and  the  iron-sand  are  treated  in  an  amalgamating 
barrel.     This  is  the  only  use  made  of  mercury.     With  the  aid  of 


Fig.  15. 


SrOE-RUNS 


electric  lights  at  night,  work  goes  on  through  the  twenty-four  hours 
uninterrupted. 

The  Roxburgh  Amalgamated. — Twenty  miles  up  river  from  the 
Island  Block  is  Roxburgh,  where  several  large  hydraulic  plants 
are  at  work.  The  Roxburgh  Amalgamated  Company's  claim 
is  on  the  east  bank,  facing  the  town,  near  the  mouth  of  Teviot 
creek,  and  at  the  lower  end  of  Coal  Creek  flat,  through  the 
western  portion  of  which  the  river  has  cut  its  way.  That  part 
of  the  claim  bordering  upon  the  Clutha  was  originally  worked 
by  the  diggers  with  good  success,  first  by  ground-sluicing  and 
afterwards  by  means  of  a  primitive  dredge.  Though  this  part  of 
the  huge  deposit  which  forms  Coal  Creek  flat  has  been  considered 
the  best,  because  also  the  only  portion  available  for  work,  there  is 
reason  to  believe  that  old  river-channels  may  yet  be  found  in  the 
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form  of  deep  leads.  At  the  tiaie  when  I  was  in  Roxbnrgli,  the 
Company  was  engaged  in  opening  up  the  high  terrace;  but  sinne 
then  the  manager*  has  discovered  a  lead  some  distance  back  in  the 
flat ;  and  the  elevators  have  made  an  average  monthly  output  of  250 
ounces.  The  gold  is  confined  to  the  lowest  3  feet,  the  top-gravel 
being  absolutely  barren.  This  fact,  only  recently  ascertained,  is 
contrary  to  the  previous  general  opinion  that  these  river- terraces  were 
more  or  less  gold-bearing  through  their  entire  thickness. 

Because  of  its  proximity  to  the  river,  the  claimf  is  subject  to 
flooding  when  the  river  is  high.  For  this  reason,  at  the  time  of  my 
visit,  only  one  out  of  three  elevators  was  at  work.  The  face  of  wash 
consisted  of  a  barren  over-burden  of  39  feet  lying  upon  20  feet  of 
auriferous  material.  The  59  feet  of  material  thus  necessarily  to  l)e 
moved  was  handled  by  three  elevators, each  having  approximately  the 
following  dimensions  : 

Supply  or  pressure-pipe  11,  uptake  or  elevator-])ipe  17  inches  in 
diameter.     Liner  narrowed  at  the  throat  to  11   inches.     Jet  of  Xo. 

1  has  3,  each  of  the  other  two  2|  inches,  diameter. 

Elevator  No.  1  was  lilting  to  a  vertical  height  of  37  feet;    Xo. 

2  to  28  feet ;  and  No.  3  to  25  feet. 

Of  the  directors,  monitors  or  nozzles,  which  break  down  the  face 
before  its  removal  by  the  elevators,  each  has  a  2^- inch  nozzle  and 
is  connected  by  a  7-inch  pipe  to  an  11-inch  supply-pipe  which 
in  turn  joins  to  the  18-inch  main.  There  are  16  chains  of  18-inch 
pipe  and  then  48  chains  of  22-inch  pipe,  which  bring  the  water 
from  the  penstock.]:  This  last  is  14  by  10  by  12  feet  and  is  connected 
in  turn  with  a  flume  2^  miles  long,  leading  to  the  supply-dams. 
The  flume,  built  of  Kauri  pine,  is  3  feet  deep  and  3  feet  wide,  hav- 
ing a  gradient  of  9  inches  to  the  chain. 

The  head  of  water  available  at  the  claim  is  600  feet  and  22 
sluice-heads  were  in  use  at  the  time  of  my  visit  out  of  the  total  of 
75  heads,  said  to  be  the  largest  water-right  in  New  Zealand,  and  tiie 
equivalent  of  3750  cubic  feet  per  minute. 

At  the  present  time,  as  already  stated,  the  pay-gravel  is  confined 
to  3  feet  only;  and  to  remove  the  barren  over-burden,  the  elevators 
have  10-inch  liners,  18-inch  uptake-pipes  and  3-inch  jets.     This,  the 

*  Mr.  Ren^  Proust,  to  whom  I  am  indebted  for  this  later  information,  as  for 
courtesy  in  every  other  way. 

t  The  New  Zealander  calls  that  part  of  the  claim  which  is  blocked  out  and 
being  worked,  a  "  paddock." 

X  Called  in  California  the  "  bulk-head"  or  "  pressure-box." 
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"  stripping  elevator,"  is  shown  in  position  in  Fig.  1.*  The  side  and 
back-views  (Figs.  2  and  3)  explain  themselves.  The  face  of  wash 
is  broken  by  3-inch  nozzles.  This  plant  is  removing  590  tons  per 
elevator  per  8-honr  shift.  Three  men  per  shift  per  elevator  are  em- 
ployed, the  wages  for  the  three  amounting  to  22s. — so  that  the  actual 
handling  of  the  gravel  costs  less  than  one-halfpenny  or  1  cent  per 
ton.  On  reaching  the  "  pay-dirt "  a  smaller  elevator  is  used,  having 
a  2-inch  jet,  8-inch  liner  and  15-ineh  uptake-pipe.  By  this  form  of 
machine  the  gold-bearing  material  is  more  quietly  and  carefully 
handled  than  the  over-burden  of  barren  gravel. 

At  the  present  time  45  sluice-heads  are  in  use,  so  that  each  eleva- 
tor, with  its  driving-nozzle,  uses  about  15  cubic  feet  per  second, 
under  a  pressure  of  250  pounds  per  square  inch. 

The  sluice-boxes  3  feet  wide,  18  inches  deep  and  12  feet  long,  are 
supplied  with  ordinary  angle-iron  riffles.  The  grade  is  6  inches  per 
12  feet  for  elevator  No.  1,  8|  inches  for  No.  2,  where  the  gravel  is 
notably  coarser,  and  7  inches  for  No.  3.  6  inches  is  found  to  be 
best  adapted  for  the  general  run  of  the  material  treated. 

It  is  intended  to  erect  "  side-runs,"  the  tables  to  be  20  feet  broad 
and  supplied  with  wells  or  traps  to  hold  mercury.  The  manager  is 
fully  alive  to  the  difficulty  of  arresting  the  extremely  fine,  flaky  gold 
by  purely  mechanical  means.  The  gold  occurs  here,  as  at  the  Island 
Block,  in  fine  fiakes  mixed  with  black  iron-sand.  On  cleaning  up, 
a  great  deal  of  lead  in  the  form  of  shot  is  found. f 

At  this  mine  the  hydraulic  elevator  has  been  adapted  to  various 
uses  in  a  very  ingenious  manner.  A  common  difficulty  in  placing 
an  elevator  in  position  is  that  the  sinking  of  a  hole  to  receive  the 
foot  of  the  elevator  is  attended  with  delay  and  trouble  owing  to  the 
running  in  of  wash  and  water.  This  has  been  overcome  by  design- 
ing a  special  form  known  as  the  "sinker,"  and  shown  in  Fig.  16, 
where  it  will  be  seen  that  the  intake-pipe  has  a  swivel-joint  which 
enables  it  to  be  readily  accommodated  to  an  uneven  bed-rock.  With 
this  machine  a  place  may  be  rapidly  prepared  for  the  erection  of  a 
larger  elevator. 

At  the  Waipori  Deep  Lead,  at  Waipori,  an  old  bed  of  the  Lam- 
merlaw  Creek  is  worked.  The  gravel  deposit  is  54  feet  deep  and 
from  25  to  30  feet  wide.  It  was  first  worked  by  means  of  a  "  Cali- 
fornia pump  "  and  later  by  means  of  a  steam-winch.     Ten  thousand 

*  These  drawings  I  owe  to  the  courtesy  of  Mr.  Ren^  Proust,  a  member  of  this 
Institute,  and  engineer  of  the  company- 

t  This  lead  has  been  expended  upon  the  curse  of  the  country — the  rabbit. 
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tons  of  gravel  yielded  79  ounces  of  gold,  worth  £295,  and  this  test 
was  considered  sufficiently  satisfactory  to  warrant  the  erection  of  an 
elevator-plant.  The  water  comes  under  a  head  of  390  feet  and  the 
proprietors  have  the  right  to  27  sluice-heads.  The  ditch,  5  feet  by 
2  feet,  is  constructed  to  carry  18  heads  and  has  a  gradient  of  8  feet 
per  mile,  being  constructed  at  a  cost  of  25  shillings  per  chain  or 
£100  per  mile.  The  ground  is  soft,  being  composed  of  a  dense, 
peaty  sod  which  is  readily  cut. 


Fi-g.  16. 
Portable  Rapid  Sinker 

FOR 

Hydraulic  Elevator 


Where  fluming  is  necessary,  it  has  been  built  of  1-inch  Ribo  or  red 
pine,  and  3  by  2  feet  in  size.  The  fluming,  not  including  trestles, 
costs  Is.  3d.  per  foot.  From  the  penstock  there  are  6100  feet  of 
piping,  of  which  2000  is  18-inch  pipe  (No.  14  gauge),  and  the 
remaining  4000  feet,  15-inch  pipe  (No.  12  gauge).  The  pipes  are 
double-riveted  and  provided  with  the  usual  air-valves  at  top  of 
bends,  mud-cocks  in  hollows  and  expansion-valves  along  straight 
courses. 

The  supply-pipe  leading  from  the  main  is  11  inches  in  diameter, 
reduced  to  9  before  delivering  the  water  at  the  jet  of  the  elevator. 
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This  last  diifers  from  the  ordinary  type  in  beinp^  fitted  with  Robert- 
son's patent?  atmospheric  jet  (see  Fig.  5).  The  dimensions  are: 
hopper,  16  inches;  throat,  6  inches,  with  a  2|-inch  nozzle  and  a  12- 
inch  uptake-pipe.  The  director,  which  breaks  down  the  face  of  the 
gravel,  is  supplied  by  a  7-inch  pipe.  The  brasses  are  2  and  IJ 
inches  respectively. 

The  material  is  delivered  into  sluice-boxes  of  the  ordinary  type — 
12  feet  long,  3  feet  wide,  and  1  foot  deep.  The  sides  of  the  head 
or  delivery-box  are  raised  to  2  feet  6  inches.  The  first  box  receives 
1  inch;  the  second,  8  inches;  the  third,  5  inches;  the  fourth,  6^ 
inches  of  fall  per  12  feet.  The  rush  of  water  keeps  the  first  box 
clear.  The  average  grade  of  the  remaining  boxes  is  6J  inches. 
Ordinary  Venetian  or  "  angle-iron  on  angle-iron  "  riffles  are  in  use, 
and  under  them  is  placed  common  sacking.  The  end-boxes,  and 
the  first  also,  are  supplied  with  perforated  iron  plate.  The  last  two 
are  lined  with  blanketing.  Of  the  total  gold  obtained,  2  per  cent, 
only  is  found  below  the  first  box. 

At  present,  the  uptake-pipe  l>eing  87  feet  long,  the  vertical  height 
lifted  is  56  feet  from  the  hopper,  or  58  feet  from  the  bed-rock.  By 
utilizing  the  suction*  another  10  feet  will  be  available,  making  66 
feet  in  all.  This  lift  is,  in  proportion  to  the  power  available,  unusu- 
ally high,  but  it  has  in  noway  tested  the  "aero-hydraulic"  ele- 
vator, which  is  constructed  to  work  under  water  and  not  under  the 
conditions  which  obtain  here.  At  the  Golden  Point  mine,  five  miles 
away,  I  had  an  opportunity  of  noting  the  assistance  which  the  addi- 
tion of  the  "  atmospheric  jet  "  gave  to  the  ordinary  elevator.  There 
the  head  of  water  available  is  103  feet,  supplied  through  an  11-inch 
pipe.  The  water-jet  is  2|  inches  in  diameter,  while  the  uptake-pipe 
is  9  inches.  With  this  force  the  ordinary  rough  wash  was  lifted  to 
32  feet,  the  work  of  breaking  a  12-foot  face  being  done  by  a  2J-inch 
nozzle.  Under  ordinary  conditions,  the  common  elevator  would  not 
lift  higher  than  10  to  15  feet  with  a  head  of  103  feet. 

The  atmospheric  nozzle  or  jet  is  an  improvement  on  the  simple 
elevator ;  since  it  acts  on  the  principle  that  by  lightening  the  load 
you  increase  the  effectiveness  of  the  column  of  water.f     In  working 

*  By  adding  a  length  of  pipe  to  the  hopper  of  the  elevator, 
t  The  results  of  the  following  experimental  tests  were  given  to  me  by  the  in- 
ventor : 

No.  1.  2J  gallons  of  water  were  pumped  in  20  seconds  with  air. 
No.  2.  2i  gallons  of  water  were  pumped  in  32  seconds  without  air. 
Pressure  in  the  above  experiments  35  pounds  per  square  inch. 
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elevators  a  waste  of  power  is  caused  by  what  is  known  as  "  flood- 
ing;" that  is  to  say,  the  water  from  tlie  face,  running  iftto  the  basin 
in  wliich  the  elevator  stands,  accumulates  there  upon  the  least  stop- 
page,* and  the  hopper  being  soon  under  water  the  air  is  entirely 
shut  off.  Similarly,  when  the  hopper  is  intermittently  under  water, 
the  unequal  irregular  suction  produces  a  fusilading  of  the  piping 
by  the  pel)bles,  which  is  productive  of  great  wear  and  tear.  It  is 
found  that  the  admission  of  a  little  air,  by  keeping  the  hopper 
partly  open,  cannot  be  controlled,  though  it  is  desirable  in  that, 
while  increasing  the  wear  on  the  liner,  it  adds  to  the  effectiveness 
of  the  machine.  To  avoid  those  difficulties  and  to  obtain  these 
advantages,  there  is  introduced  a  constant  air-supply  by  means  of 
the  addition  shown  in  Fig.  5.  An  annular  air-current  passes  from 
the  outer  air  through  a  jet  supplied  by  a  pipe  which  extends  above 
the  water-line.  This  forms  an  air  cushion  round  the  water-jet  and, 
by  preventing  it  from  feathering  or  breaking,  tends  to  maintain  a 
uniform  velocity.  The  diminution  of  the  suction  is  not  sufficient  to 
affect  injuriously  the  feeding,  while  the  lightening  of  the  column 
aids  the  effectiveness  of  the  machine.  There  is  also  a  decrease  in 
wear  and  tear,  since  the  admission  of  a  constant  air-supply  secures  a 
constant  speed  to  the  ascending  column  of  gravel  and  water. 

Before  leaving  this  part  of  the  subject,  a  few  general  conclusions 
may  be  in  place.  The  alluvial  deposits  of  Otago  are  of  remarkable 
extent,  more  particularly  the  lake-  and  river-beds  along  the  course 
of  the  Clutha,  Shotover  and  Kawarau  rivers.  These  latter  were  not 
to  any  large  extent  accessible  for  mining  previous  to  the  introduc- 
tion of  the  elevator,  because  the  frequent  rapid  rise  of  the  rivers  pre- 
vents the  satisfactory  use  of  the  dredge,  and  ordinary  sluicing  is 
rarely  possible  owing  to  the  want  of  "dump."  The  most  extensive 
deposits  are  in  the  flats  formed  from  old  lake-basins ;  but  their  level 
is  such  that  the  seepage  from   the  river  rapidly  floods  the  miner's 

No.  3.  2i  gallons  were  pumped  in  2  minutes  with  air.  A  trial  was  made  with- 
out air  with  the  same  quantity  of  water  and  no  work  was  done.  Pressure,  8  pounds 
to  the  square  inch. 

No.  4.  10  gallons  were  pumped  with  air  in  1  minute,  30  seconds. 

No.  5.  10  gallons  were  pumped  without  air  in  2  minutes,  10  seconds. 

In  this  test  dh  gallons  were  required  to  pump  the  10  gallons  with  the  air,  and  in 
pumping  without  air  it  took  10  gallons  to  do  the  same  work.  Pressure,  38  pounds 
per  square  inch.  Sand,  shot,  spelter,  etc.,  were  lifted  in  the  proportion  of  half  solid 
matter  to  half  water. 

It  was  found  that  the  machine  emptied  a  given  quantity  of  water  with  air  faster 
than  without  air  in  the  ratio  of  1  to  1.33. 

*  As  when  a  large  stone  sticks  in  the  throat  of  the  elevator. 
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claim.  To  overcome  the  difficulty  by  ordinary  pumping  was  not 
economically  practicable.  The  hydraulic  elevator,  however,  renders 
these  deposits  available  for  exploitation,  and  its  introduction  is  rap- 
idly spreading;  the  expense  of  the  first  installation  of  the  costly 
plant  required  being  met  by  the  consolidation  of  small  claims  under 
companies  provided  with  the  necessary  working-capital. 

The  elevator  will  have  a  great  future  in  Otago;  but,  in  the  haste 
to  use  a  new  machine,  there  is  a  tendency  to  discard  the  assistance 
of  methods  which  have  previously  rendered  good  service.  Ground- 
sluicing  has  been  put  aside,  and  there  is  a  tendency  to  make  the  ele- 
vator do  work  which  can  sometimes  be  less  expensively  done  by 
simpler  means.*  In  the  blocking  out  of  ground  there  is  room  for 
impvoveraent.  It  is  not  very  difficult  to  erect  a  good  plant,  and  it 
is  easy  to  commence  the  attack  on  a  face  of  gravel,  but  the  syste- 
matic blocking  out  of  the  claim  tries  the  resources  of  those  whose 
experience  has  been  mainly  confined  to  other  forms  of  mining. 

Dredging. 

The  first  gold-seekers  who  prospected  the  sands  of  the  Shotover 
and  Molyneux  rivers  restricted  their  search  to  the  easily  accessible 
deposits  which  had  accumulated  under  the  shelter  of  rocky  bars ;  and 
when  the  auriferous  sands  were  found  to  extend  under  the  waters  of 
the  river,  they  turned  the  stream  by  means  of  wing-dams.  The  rich 
alluvium  was  found,  however,  in  places  where  this  mode  of  opera- 
tion was  impracticable  or  too  costly,  and  in  such  places,  standing 
shovel  in  hand,  they  snatched  with  difficulty  the  golden  sand,  which 
increased  in  richness  the  less  accessible  it  became.  The  sin)ple 
shovel  was  useless  in  a  fast  current;  hence  the  next  step  was  to  con- 
trive a  ladle  or  spoon  with  which  to  scoop  up  the  river-bed.  A  piece 
of  hide  fastened  to  an  iron  rim  was  arranged  behind  the  modified 
blade  of  a  shovel,  and  this  at  the  end  of  a  long  pole  helped  to  in- 
crease still  further  the  area  available  for  work.  Soon,  however,  the 
distance  from  the  shore,  and  with  it  the  increasing  depth  of  water, 
prevented  further  advance.  A  barge  or  punt  was  then  built,  the 
pole  was  lengthened  to  20  feet  or  more,  the  scoop  was  enlarged  so  as 
to  hold  a  barrowful,  and,  the  increased  weight  requiring  other  than 
mere  hand-labor,  a  winch  and  tackle  were  rigged  up.  This  now 
became  the  "spoon-dredge,"  the  forerunner  of  the  numerous  types 

*  By  this  I  refer  particularly  to  the  removal  of  the  barren  overburden,  which 
can  be  done  by  ordinary  ground-sluicing. 
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of  bucket-dredges  which  have  started  a  new  branch  of  the  raining 
industry  of  New  Zealand. 

The  spoon-dredge  served  its  purpose,  but  the  numerous  mines 
along  the  banks  of  the  river  had  begun  to  send  down  tailings,  which 
soon  covered  the  bottom  with  a  rapidly  increasing  thickness  of 
valueless  material.  The  spoon-dredge  was  not  capable  of  coping 
with  this  fresh  difficulty,  but  the  rapidly  flowing  river  suggested  the 
greater  power  now  needed  to  replace  human  muscle;  a  water-wheel 
took  the  place  of  the  winch,  and  the  "  current-wheel-dredge "  was 
invented.  This  consisted  of  a  simple  form  of  bucket-dredge,  worked 
by  an  under-shot  wheel  placed  at  the  side  of  a  punt.  The  power 
needed  to  propel  the  machine  severely  restricted  its  usefulness,  for  it 
could  not  be  employed  in  the  back-waters,  or  indeed  anywhere  but 
in  the  full  force  of  the  river-current,  and  the  richest  parts  of  the 
channel  had  therefore  to  remain  untouched.  Steam  was  substituted 
for  water-power,  and  the  bucket-and -ladder  type  of  dredge  was  ad- 
vanced a  stage  further  by  the  addition  of  revolving  sizing-screens, 
winches  for  mooring  and  pumps  for  raising  the  water  required  to 
separate  the  fine  gold-bearing  silt  from  the  coarse  gravel.  This 
brings  us  down  to  to-day,  when  the  river-sands  and  the  sea-beaches 
of  the  South  Island  are  worked  by  a  force  of  over  50  dredges,  pro- 
pelled by  water,  steam  and  electricity. 

When  I  was  at  Dunedin,  in  1890,  it  was  difficult  to  find  a  man 
who  had  not  located  some  acres  of  land  on  river-bank  or  sea-shore. 
Dredging  properties  were  plentiful  as  "leaves  in  Valombrosa"  and 
"  the  potentialities  of  acquiring  wealth  beyond  the  dreams  of  ava- 
rice" were  offered  on  every  hand.  Returning  in  March,  1891,  I 
found  that  the  number  of  dredges  at  work  had  largely  increased, 
with  a  corresponding  diminution  in  the  dredging  fever.  Tlie  results 
had  been  disappointing. 

The  success  of  the  Dunedin  dredge  was  the  main  cause  of  the 
dredging  fever.  Directed  by  a  man  of  great  experience  in  this 
branch  of  engineering,  and  put  to  work  in  a  part  of  the  river 
Clutha  which  soon  proved  very  rich,  this  dredge  returned  in  ten 
months  two-thirds  of  the  paid-up  capital  of  the  company  which 
owned  it.  One  of  the  Shotover  dredges  had  also  been  fairly  suc- 
cessful, while  on  the  sea-beach  the  Waipapa  dredge,  exploiting  the 
titaniferous  gold-bearing  sand,  had  made,  under  many  difficulties, 
very  encouraging  returns.  It  was  at  once  found  that  the  extent  of 
ground  available  for  this  mode  of  working- was  almost  unlimited  ; 
the  river-channels  and  the  sea-coast  were  soon  covered  with  loca- 
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tions ;  claims  were  taken  up  and  floated  into  companies,  the  vendor 
receiving,  for  ground  which  had  cost  him  but  a  few  shillings,  a  large 
sleeping  interest  in  a  concern  to  the  working  capital  of  which  he 
contributed  nothing.  Large  areas  were  assumed  to  be  valuable  on 
account  of  reported  rich  yields  obtained  by  the  diggers  from  spots 
representing  a  very  small  proportion  only  of  the  total  field  to  be 
worked.  No  tests,  or  only  unsystematic  tests,  were  made.  It  was 
overlooked  that  the  rapid  rise  of  the  river  would  prevent  work 
during  many  months  in  the  year.  Moreover,  in  this  form  of  mining 
the  experience  so  far  accumulated  had  been  but  small,  and  the  saving 
of  the  gold  was  often  attempted  under  conditions  which  were  hope- 
less. Gradually  the  enterprising  investor  awoke  to  the  stern  fact 
that,  like  all  other  branches  of  mining,  dredging  required  judgment, 
care  and  experience. 

I  will  here  describe  two  representative  bucket-dredges.  Figs.  17 
and  18*  show  the  general  mode  of  construction.  The  pontoon  in 
this  case  has  a  length  of  80  feet,  a  width  of  18^  feet,  and  a  depth 
of  4^  feet.  The  ladder  is  constructed  to  work  to  a  depth  of  20 
feet  below  the  surface  of  the  water.  The  power  to  propel  the 
machinery  is  derived  from  the  river,  and  is  transmitted  as  elec- 
tricity. 

The  Dunedin  dredge  is  working  the  bottom  of  the  Clutha  at  a  point 
about  3  miles  above  the  town  of  Roxburgh.  The  deposit  covering 
the  rocky  bed  of  the  river  consists  here  of  20  to  25  feet  of  barren 
drift,  overlying  a  thickness  of  2  to  2|  feet  of  gold-bearing  wash. 
Sometimes  the  "  pay  "  thins  to  6  inches.  The  overburden  of  drift 
consists  of  small-sized  gravel,  but  the  pay- wash  is  composed  of  large 
boulders,  among  the  interstices  of  which  occurs  the  gold.  Black 
sand  is  found  in  both  drift  and  pay-wash,  that  of  the  drift  originat- 
ing, together  with  the  bulk  of  the  material  in  which  it  occurs,  from 
the  mines  along  the  river.  The  gold  is  similar  to  that  obtained  else- 
where along  the  Clutha,  consisting  of  fine,  flat  flakes  in  a  black  iron- 
sand.     Gold  is  not  seen  in  the  quartz  of  the  pebbles. 

This  dredge  has  a  double  ladder  of  buckets  holding  2  cubic  feet 
each,  12  emptying  per  minute  on  each  side,  giving  the  machine  a 
capacity  of  106  cubic  yards  per  hour.  There  are  31  buckets  on  each 
side,  the  material  i'rom  which  passes  through  the  two  perforated 
iron  cylinders,  the  larger  pebbles  being  ejected  along  an  iron  shoot 
which  returns  them  to  the  river,  while  the  fine  gravel  passes  over  a 

*  The  drawing  I  owe  to  the  courtesy  of  Mr.  Kobert  Hay,  C.E.,  of  Dunedin,  who 

has  designed  many  of  the  best  dredges  in  use  in  Otago. 
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table  8  feet  long  by  7|  feet  wide.  The  grade  is  2  inches  per  foot, 
and  cocoanut  matting  is  used  to  arrest  the  gold.  This  table  and  the 
similar  one  on  the  other  side  discharge  upon  a  middle  table,  8  feet 
long  by  4  feet  wide,  which  is  provided  with  iron-bar  riffles.  From 
here  the  gravel  falls  into  the  river.  The  above  comprises  the  whole 
apparatus  employed  in  the  saving  of  the  gold.  The  cocoanut  mat- 
ting is  washed  at  regular  intervals  in  a  tank,  the  gold  being  subse- 
quently separated  from  the  black  sand  by  panning. 

The  motive  power  for  the  machinery  is  derived  from  steam,  the 
fuel  used  being  the  lignite  which  occurs  at  Coal  Creek,  3  miles  up 
the  river.  The  price  is  8  shillings  per  ton,  delivered  at  the  bank, 
whence  it  is  ferried  by  boat.  The  daily  consumption  is  3  tons. 
Electric  light  enables  work  to  be  uninterrupted. 

The  dredge  had  just  re-started  at  the  time  of  my  visit,  after  a 
stoppage  due  to  the  rise  in  the  river,  which  was  even  then  flowing  9 
knots  per  hour.  During  flood-time  the  rate  of  flojv  reaches  12  knots, 
while  the  average  is  7  knots  per  hour.  The  working  expenses  are 
£250  per  month.  This  includes  the  wages  (£lt>0)  of  9  men  and  a 
dredge-master.  The  coal  bill  is  £30.  The  balance  of  the  £250  is 
taken  up  by  repairs  and  supplies.  The  average  of  steady  work  is 
only  4  days  per  week  of  6  working  days.  This  does  not  allow  for 
the  interruption,  often  for  weeks,  due  to  floods.  From  December, 
1889,  to  October,  1890,  dividends  amounting  to  £4080  were  paid  on 
a  nominal  capital  of  £7200,  and  a  paid-up  capital  of  £6240.  After 
October,  work  ceased  on  account  of  the  spring  floods  until  the  first 
week  in  December.  The  directors'  report  for  the  6  months  ending 
July  2,  1890,  states  that  the  gold  obtained  amounted  to  884  ounces, 
5  pennyweights,  8  grains, — value  £3316 — out  of  which  £1680  wa« 
returned  in  dividends. 

The  Dunedin  dredge  is  working  the  auriferous  gravel  lying  upon 
the  rock-bed  of  the  swift-flowing  Clutha  ;  but  the  Waipori  dredge, 
which  we  will  next  consider,  is  placed  under  much  more  favorable 
conditions.  The  Waipori  river  is  a  small  stream,  running  through 
a  flat  valley  surrounded  by  rolling  foot-hills.  A  wide  deposit  lies 
in  the  hollow  af  the  valley,  and  above  it  flows  the  present  stream. 
The  gold  obtained  does  not  lie  upon  the  bed-rock  of  the  original 
channel,  which  is  much  deeper,  but  at  a  horizon  marked  by  coarse 
sand — the  "  false  bottom"  of  the  miners. 

The  dredge  is  of  the  bucket-and-ladder  type.  The  stream  is  of 
insufficient  depth  to  float  it ;  but  the  dredge  makes  its  own  water- 
way by  the   removal   of  the  gravel.     The   capacity  is  7600  cubic 
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yards  per  week  of  125  to  130  working  hours.  The  movement  of 
the  pontoon  is  directed  by  4  winches  operating  wire  ropes  fastened 
to  the  shore.  The  engine  is  of  40  horse-power,  supplying  the  power 
necessary  to  work  the  buckets  themselves,  as  well  as  the  pump  which 
gives  the  water  necessary  for  the  tables.  The  contents  of  each  bucket 
as  it  comes  up  are  emptied  into  a  revolving  sizing-cylinder,  con- 
structed of  horizontal  iron  bars.  The  fine  silt  goes  straight  to  the 
tables,  while  the  coarse  passes  to  another  sizing-cylinder  (this  time 
of  perforated  boiler-plate),  which  separates  the  coarse  gravel  and 
boulders.  These  fall  into  the  stream  from  an  iron  shoot,  while 
the  fine  goes  to  the  tables,  which  are  arranged  on  either  side  and 
are  covtred  with  coarse  cocoanut  matting,  with  linen  underneath. 

The  following  figures  will  indicate  the  cost  of  operations  during 
the  period  of  a  year. 

£.       s.    d. 
Repairs  and  Alterations, 222    9     1 

This  was  chiefly  in  pins  and  bushes.  The  wear  and  tear  is  mostly 
about  the  buckets.  The  lips  last  for  two  years;  and  the  pins  on 
which  the  buckets  are  hinged,  have  an  average  life  of  3  months. 

£.  s.      d. 

Wage«, 1192     16     4 

This  includes  the  pay  of  8  men  and  3  boys  per  day : — one  engi- 
neer, one  winch-man  and  one  boy  to  attend  to  the  tables,  on  each 
shift,  making  6  men  and  3  boys  per  24  hours,  and  then  there  are  to 
be  added  tlie  dredge-master  and  a  blacksmith. 

£.       s.    d. 
Material, 272     9     5 

This  includes  the  shed  on  the  shore  which  serves  as  an  office,  forge 
and  tool  house. 

£..      s.      d. 

Coal, 507     12    0 

Firewood, 377       6     0 

The  wood  (manuka)  costs  £1  15s.  per  cord.  Coal  (from  West- 
port)  costs  55s.  per  ton,  delivered. 

£.       s.     d. 
Kent, 293     0    0 

This  is  the  amount  (at  10s.  per  acre)  paid  to  the  government  as 
rent  for  the  claim. 
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During  the  year  the  first  two  months  were  taken  up  by  the  erec- 
tion of  the  plant  and  in  the  remaining  ten  the  gold  obtained 
amounted  in  value  to  £3095  8s.  6d. 

The  cost  of  the  dredge,  including  fees  to  the  engineer,  was  £3380 
14s.  3d. 

The  weekly  cost  upon  the  ground  is  £30  for  labor,  £20  for  fuel, 
or  (including  repairs)  about  £65  in  all. 

Three  typical  weekly  records  are  as  follows  : 

First  Week.  Yield,  21  ounces,  16  pennyweights.  Time  of  actual 
work,  140  hours. 

Ground  lifted,  8400  yards.  Depth  of  lift,  10  feet.  Firewood,  10 
cords. 

Seeond  Week.  Yield,  33  ounces,  13  pennyweights,  18  grains. 
Time,  126  hours. 

Ground  lifted,  84C0  yards.  Depth,  about  13  feet.  Firewood,  10 
cords. 

Third  Week.  Yield,  29  ounces,  12  pennyweights.  Time,  126 
hours. 

Ground  lifted,  7560  yards.  Depth,  about  13  feet.  Firewood, 
10|  cords. 

Up  to  that  time  the  dredge  had  handled  very  little  virgin  ground, 
the  material  consisting  chiefly  of  the  tailings  carried  down  from  old 
sluicing-claims.  Since  then  it  has  reached  solid  ground ;  and  the 
results,  with  the  same  expense,  have  reached  50  ounces  per  week. 

This  dredge  is  working  under  conditions  admirably  suited  to  its 
capabilities.  The  working-cost  is  slight,  the  amount  of  capital  tied 
up  is  very  small,  the  area  of  the  claim  is  large  and  the  danger  of 
floods  nil.  The  depth  at  which  it  is  working  varies  from  10  to  15 
feet.  The  "false  bottom"  of  compact  coarse  sand  enables  the  buckets 
to  get  well  under  the  pay-wash,  and  avoids  a  great  deal  of  the  wear 
and  tear  incident  to  working  upon  a  rocky  bed. 

The  material  treated,  while  it  is  very  similar  to  that  of  the  mines 
on  the  Clutha,  yet  contains  gold  more  shotty  than  that  of  the  big 
river-claims.  The  gold  of  the  Waipori  flats  came  in  large  measure 
from  the  erosion  of  the  neighboring  quartz-lodes — the  O.  P.  Q.  and 
other  reefs.  While  on  the  dVedge  I  was  shown  a  round,  white  quartz 
pebble,  taken  that  morning  from  one  of  the  buckets,  which  was  of 
the  size  of  a  hand,  and  showed  several  splashes  of  gold  as  large  as 
a  small-finger  nail.  Such  a  find,  very  unusual  in  the  alluvial  mines 
of  Otago,  marks  the  somewhat  exceptional  conditions  under  which 
this  deposit  was  probably  formed. 
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Gold-Saving.     . 

The  methods  used  are  of  the  crudest  kind.  There  is  no  doubt 
that  the  river  receives  back  more  than  half  of  the  gold  contained  in 
the  material  raised  by  the  dredge.  The  tables  at  Waipori  aresome- 
wliat  larger  than  those  of  the  Dunedin  dredge;  but  in  both  cases  it 
appears  the  height  of  absurdity  to  think  that  they  can  save  a  large 
percentage  of  the  fine,  flaky  gold  carried  along  in  such  a  large  flow 
of  water  and  amid  so  great  a  volume  of  sand  and  gravel.  The 
report  of  the  Directors  of  the  Dunedin  dredge  company  says  that 
"  the  dredge-master  reports  that  the  gold-saving  appliances  are  all 
that  could  be  desired."  This  is  the  severest  satire  upon  the  childish 
efforts  made  to  save  the  gold,  fully  sixty  per  cent,  of  which  must 
be  a  mere  passenger  through  the  apparatus  designed  to  arrest 
it.  Over  a  hundred  cubic  yards  of  gravel,  together  with  the  water 
employed  to  transport  it,  are  in  this  case  handled  by  the  dredge 
every  hour,  and  of  this  a  very  large  proportion  passes  over  the  sur- 
face of  two  tables  covered  with  cocoanut  matting  whose  dimensions 
are  8  feet  by  7^  feet.  There  is  no  opportunity  whatever  given  for 
a  separation  of  the  gold  from  the  mass  of  heavy  black  iron-sand 
and  the  sediment  in  which  it  is  enveloped.  The  surface  over  which 
it  passes  is  far  too  small,  and  the  distance  over  which  it  travels  is 
altogether  too  short  to  enable  it  to  be  arrested  by  the  simple  means 
adopted.  What  is  collected  is  in  spite,  rather  than  by  reason,  of 
the  efforts  made  to  catch  it,  and  represents  a  small  proportion  only  of 
the  gold  in  the  material,  the  larger  part  being  lii'ted  from  the  river 
only  to  be  returned. 

The  Use  of  Mercury. 

The  use  of  mercury  is  not  familiar  to  the  alluvial  miner  of  Otago, 
as  it  is  to  his  brethren  elsewhere.  There  exists  a  curious  idea  that 
it  will  not  act  in  cold  weather,  due  no  doubt  to  the  fact  that  the 
cleaning  up  in  the  mills  and  mines  is  invariably  done  with  hot  water. 
Of  course  there  is  a  substratum-of  truth  in  this  idea,  since  amalga- 
mation is  as  a  rule*  retarded  by  cold  and  assisted  by  heat,  but  within 
narrow  limits  only  and  not  to  such  an  extent  as  to  make  the  fact  of 
any  great  practical  importance.     It  cerftiinly  will  not  explain  why 

*  In  the  inonntains  of  Colorado,  at  an  altitude  of  8500  feet,  the  amalgamation  at 
the  stamp-mills  meets  with  no  obstacle  in  winter.  On  the  contrary,  it  is  cnrious  to 
note  that  the  mill-men  of  Gilpin  county  unite  in  asserting  that  the  cold  weather  is 
beneficial  to  amalgamation,  for  the  reason  that  warmth  thins  the  mercury  and  causes 
it  (with  the  vibration  due  to  the  falling  stamps)  to  run  off  the  plates. 
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the  Otago  digger  has  "  left  in  the  cold  "  one  of  the  best  friends  of 
minino-  all  the  world  over.  From  an  examination  of  the  conditions 
under  which  the  gold  of  the  alluvium  of  Otago  occurs,  particularly 
in  the  deposits  of  the  CIntha  and  its  tributaries,  I  am  strongly  of  the 
opinion  that  the  use  of  mercury  will  have  to  be  resorted  to  if  any 
large  percentage  of  the  precious  metal  is  to  be  extracted. 

In  the  case  of  the  elevator-plant  the  example  of  California  can  be 
followed  and  mercury  placed  in  the  riffles  of  the  sluice-boxes  them- 
selves. Then  it  requires  but  an  extension  of  the  idea  of  side-runs, 
preceded  by  under-currents,  to  permit  the  further  use  of  the  quicksil- 
ver in  wells  or  traps.  With  the  dredges  the  first  alteration  of  existing 
methods  which  is  demanded  is  the  enlargement  of  the  area  over 
which  the  material  passes.  Dredges  are  now  constructed  at  Dune- 
din  to  handle  over  150  tons  per  hour.  This  requires  a  very  large 
surface  to  effect  even  the  roughest  separation  of  the  fine  gold-bearing 
silt  from  the  large  mass  of  non-auriferous  wash.  The  Welraan 
dredge  at  Waipapa*  which  is  supplied  with  tables  24  feet  by  30  feet, 
having  an  incline  of  f  inch  per  foot,  is  designed  on  common-sense 
principles  and  supplies  an  example  to  the  other  dredges  of  Otago. 
But  even  the  dispersion  of  the  material  over  such  an  enlarged  sur- 
face will  not  suffice  to  collect  the  finer  particles  of  gold.  Mechani- 
cal means  must  be  assisted  by  chemical ;  gravitation  must  be  fol- 
lowed by  amalgamation. 

The  fineness  of  the  gold  in  the  New  Zealand  alluvium  may  be 
imagined  when  it  is  stated  that  by  actual  count  it  requires  six  to 
seven  thousand  particles  of  the  gold  as  found  on  the  west  coastf  to 
form  a  grain  in  weight.  It  will  be  said  that,  as  a  matter  of  practice, 
it  has  been  noted  that  very  little  gold  finds  its  way  beyond  the  first 
strips  of  matting,  and  that  on  washing  the  bottom  strips  are  seen  to 
collect  scarcely  any  .J  This  is  after  the  fashion  of  the  millman  who 
carefully  assays  his  tailings  but  fails  to  note  how  much  gold  he  is 

*  This  dredge  was  idle  during  the  time  of  my  stay  in  Otago,  owing  to  a  change 
whicli  was  being  made  in  its  construction.  An  interesting  description  appeared  in 
the  records  of  the  Mining  Conference  held  at  Dunedin  in  1890,  written  by  Mr.  Jas. 
Allen,  a  member  of  this  Institute.  This  dredge  is  working  the  sea-beach,  those 
portions  where  the  titaniferous  gold-bearing  sand  has  been  concentrated  by  the 
action  of  the  prevailing  winds. 

t  Best  known  by  the  Hokitika  discoveries. 

X  The  following  experiments  were  made  at  Waipapa: 

First  Experiment. — The  bottom  cloths— those  16  to  18  feet  from  the  head — were 
washed  separately  from  the  remainder,  with  the  result :  Amalgam  for  eight  days- 
top  cloths,  89  ounces,  16  pennyweights;  bottom  cloths,  4  pennyweights,  5  grains. 

Second  Experiment. — The  second  row  of  cloths  from  the  bottom,  that  is  from  14  to 
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losing  in  the  slimes  which  are  carried  clown  stream  to  cheer  the 
hearts  of  a  tribe  of  Mongolians.  The  evidence  obtained  by  snch 
tests  is  an  ignis  fatuus  to  the  miner,  deluding  him  into  a  blissful  ig- 
norance of  his  losses.  The  fact  is  that  in  such  cases  the  gold  lost 
is  in  an  entirely  different  condition  from  that  saved,  and  methods 
which  serve  to  arrest  the  latter  are  entirely  insufficient  to  hold  the 
former. 

The  character  of  the  gold  is  in  no  way  prejudicial  to  amalgama- 
tion. In  both  river-banks  and  sea-beaches  it  is  bright,  of  high  carat- 
age,  and  not  "  rusty,"  or  mixed  with  minerals  inimical  to  mercury. 
On  the  other  hand  its  fine  flaky  character  makes  it  particularly  hard 
to  arrest  by  purely  mechanical  methods.  The  thin  plates  of  gold, 
especially  when  their  edges  are  turned,  as  must  often  happen  during 
the  treatment  the  gravel  undergoes,  are  especially  adapted  to  be 
transported  by  water. 

The  material  used  for  the  gold-saving  is  cocoanut  matting,  which 
within  certain  limits  answers  admirably.  Owing  to  its  porous  char- 
acter, it  is  usually  supplemented  by  linen  placed  along  the  wood- 
work of  the  tables  or  sluice-boxes.  Some  of  the  dredges  employ 
plush.  The  choice  is  largely  a  matter  of  expense.  At  the  Island 
Block  it  was  found  that  the  plush  used  in  the  side-runs  caught  too 
much  of  the  black  iron-sand  and  got  quickly  choked.  At  Waipapa, 
with  a  very  large  proportion  of  fine  black  sand,  it  answered  well. 
The  difference  of  experience  is  due  probably  to  the  quantity  of  water 
used,  and  the  gradient  over  which  the  material  passed. 

The  dredge  has  added  largely  to  the  area  available  for  mining 
operations.  In  this  branch  of  mining,  Otago  is  opening  up  a  new 
and  important  field.  The  practical  result  of  the  experience  so  far 
obtained  proves  that  the  bucket-dredge,  though  admirably  simple 
and  inexpensive,  is  best  suited  to  the  raising  of  auriferous  alluvium 
lying  upon  a  "  false  bottom."  Upon  a  true  bed-rock  the  wear  is 
much  increased,  and  the  effectiveness  much  diminished.  Every  one 
knows  how  difficult  it  is  to  scoop  fine  gold  mixed  with  gravel  under 
water  by  the  aid  of  a  shovel.  It  runs  off.  The  bucket  of  the  dredge 
is  a  modified  shovel.  For  irregular  bottoms,  the  suction-pump 
dredge,  of  which  the  Welman  is  a  good  example,  will  be  found  best 

16  feet  were  separately  washed.     The  amalgam  from  the  top  cloths  was  90  ounces ; 
the  cloths  from  14  to  16  feet  yielded  8  pennyweights. 

It  is  necessary  to  add  here  that  the  produce  becomes  amalgam  only  in  cleaning 
np,  mercury  being  used  simply  in  collecting  the  residues  from  the  wasiiing  of  the 
plush — which  last  does  the  direct  gold-saving. 
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adapted.  In  this  case  a  powerful  centrifugal  pump  draws  up  the 
water,  gravel  and  gold,  delivering  them  to  the  level  of  the  tables. 
At  Waipapa,  stones  35  to  40  pounds  in  weight  have  been  sent  up  by 
the  pump;  and  it  only  requires  an  improvement  in  construction, 
giving  durability  and  strength,  to  render  it  a  most  effective  machine 
for  this  class  of  work.  A  dredge  thus  provided  is  able  to  sweep  the 
bottom  clean.  After  that,  the  extraction  of  the  gold  becomes  the 
great  question;  and  in  this  direction,  as  we  have  seen,  there  is  a  wide 
margin  for  improvement. 

Time,  however,  will  remedy  these  defects,  and  the  Otago  miner 
may  meanwhile'  point  with  pride  to  the  fact  that  he  has  shown  the 
possibility  of  working  the  sands  of  the  sea-shore  at  a  profit,  when 
they  contain  but  two  grains  of  gold  per  ton. 

This  concludes  my  notes  upon  a  mining-field  but  little  known  on 
this  side  of  the  equator.  The  chief  lesson  it  conveys  is,  that  we 
should  seek  to  profit  by  the  experience  of  others.  Otago  has  much 
to  learn  from  California  in  lode-mining  and  quartz-milling;  but 
California  would  do  well  to  study  the  steps  of  Otago  in  hydraulic 
elevating  and  dredging.  The  miner  should  be  the  least  conserva- 
tive of  men  ;  his  motto  should  be  "  pass  it  on  ;"  the  same  difficulties 
should  never  require  to  be  overcome  twice;  and  thus  should  be 
avoided  that  worst  of  all  wastes,  the  waste  of  experience. 


THE  INFLUENCE  OF  LOCATION  UPON  THE  PIG-IRON 
INDUSTRY. 

BY  JOHN  BIRKINBINE,    PHILADELPHIA,   PA. 
(Presidential  Address  at  the  Lake  Champlain,  Plattsburgh,  Meeting,  June,  1892.) 

The  press,  trade  publications,  and  special  circulars,  some  elab- 
orately illustrated,  have  been  liberally  employed  within  recent  years 
in  this  country,  to  set  forth  the  advantages  of  various  locations  as 
industrial  centers,  having  as  a  basis  the  possibility  of  profitably  pro- 
ducing pig-iron  at  these  proposed  centers:  and  special  stress  has 
been  placed  upon  opportunities  believed  to  exist  at  certain  points  for 
making  iron  of  a  quality  suitable  for  the  manufacture  of  Bessemer 
steel.  The  remarkable  statements  and  prophecies  made  in  some  of 
these  publications,  have  suggested  the  present  paper,  treating  of  the 
influence  which  location  exerts  upon  the  special  industries  named. 
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No  attempt  will  be  made  to  enter  into  the  technical  details  of  iron- 
production  or  blast-furnace  operation,  nor  will  the  Transactions  be 
burdened  with  a  mass  of  statistical  data  which  might  be  introduced 
either  to  prove  or  disprove  statements  which  have  been  made. 
Neither  will  the  subject  be  discussed  exclusively  or  exhaustively  in  its 
commercial  aspect.  I  shall  rather  endeavor  to  present  some  histori- 
cal facts  which  have  furnished  reasons  for  the  location  of  iron-works 
heretofore  and  to  offer  in  addition  figures  taken  from  published 
statistics,  and  exhibiting,  particularly  for  recent  periods,  the  compar- 
ative amounts  of  iron  produced  in  different  sections  of  the  country, 
and  the  proportion  of  these  which  may  be  considered  as  suitable  for 
making  Bessemer  steel. 

It  is  not  surprising  that  a  national  industry,  the  annual  product 
of  which  has  grown  in  eighty  years  from  54,000  to  9,200,000  gross 
tons,  and  which  throughout  its  history,  has  attracted  other  industries 
to  locate  near  the  blast:- furnaces,  should  be  welcomed  by  any  com- 
munity as  a  harbinger  of  future  greatness.  We  need  not  go  back  to 
the  first  recorded  output  of  1810  to  measure  this  remarkable  pro- 
gress. In  a  half  century  we  have  increased  our  pig-iron  output  to 
over  thirty  times  what  it  was  in  1840.  It  was  not  until  1864  that 
the  annual  product  of  the  United  States  exceeded  1,000,000  gross 
tons  of  pig-iron;  in  1872  it  reached,  in  round  numbers,  2,500,000; 
in  1881,4,000,000;  in  1886,  5,500,000;  in  1887,  6,500,000  and 
in  1889,  7,500,000  gross  tons  were  produced.  The  maximum  of 
9,202,703  gross  tons  is  credited  to  the  year  1890.  Last  year 
(1891)  showed  a  falling  off  of  slightly  over  1,000,000  tons. 

The  early  history  of  the  pig-iron  manufacture  in  the  United 
States  is  confined  to  cold-blast  charcoal-furnaces  located  convenient 
to  large  wooded  areas,  which  yielded  the  charcoal  used  as  smelting- 
fuel.  The  plants  were  placed  generally  upon  streams  which  fur- 
nished sufficient  water-power  to  drive,  for  a  part  of  each  year,  the 
crude  blowing-apparatus.  This  consisted  at  first  of  large  leathern  bel- 
lows, counterbalanced  with  "pacer"  beams.  Following  these  came 
wooden  blowing-tubs,  with  wooden  pistons,  taking  air  on  one  stroke 
only;  and  subsequently  iron  blowing-tubs  displaced  those  of  wood. 

The  location  of  furnaces  was  affected  by  ore-supplies,  and  with 
the  exception  of  plants  placed  conveniently  to  some  of  the  larger 
magnetite  mines,  most  of  them  depended  upon  brown  liematite  ores, 
which  were  mined  and  washed  with  imperfect  appliances,  requiring, 
as  a  rule,  per  ton  of  pig-iron  produced,  fully  2.25  to  2.75  tons,  and 
often    more,  of  ore.     The   earliest  American  pig-iron   product  was 
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obtained  by  smelting  the  bog-ores  occurring  near  the  Atlantic  sea- 
board. 

Blown  with  cold-blast,  entering  a  small  crucible  by  means  of  one 
open  tuyere  under  weak  pressure,  these  furnaces  required  a  large 
consumption  of  fuel.  It  is  probable  that  the  total  weight  of  char- 
coal, ore  and  flux  fed  to  the  older  furnaces  exceeded  an  average  of  5 
tons  per  ton  of  pig-iron  made.  As  the  only  method  of  assembling 
these  materials  was  with  wagons  drawn  by  oxen  or  horses,  it  was  es- 
sential that  the  plants  should  be  located  close  to  supplies  of  the  raw 
material ;  and  as  the  resultant  product  represented  but  one-fifth  or 
less  of  the  weight  of  what  was  thus  charged  into  the  furnaces,  while 
its  value  was  usually  such  as  to  leave  liberal  margin  for  profit,  the 
item  of  the  transportation  of  this  small  output  to  points  of  consump- 
tion was  less  considered  than  if  the  amount  of  raw  material  had  not 
been  so  much  in  excess  of  the  finished  product,  or  if  the  profit  per 
ton  had  been  small.  Another  circumstance  which  partially  offset 
this  cost  to  the  producers,  was  the  practice  of  obtaining  supplies  (not 
produced  in  the  immediate  neighborhood)  by  means  of  the  empty 
returning  wagons,  or  (in  some  of  the  earlier  enterprises)  on  the  backs 
of  mules,  which  had  carried  pig-iron  or  castings  to  a  market. 

Similar  conditions  still  continued  after  hot-blast  had  been,  in  1835, 
applied  to  the  charcoal  furnaces,  increasing  their  product,  and  also 
after  1840,  when  anthracite  and  raw  bituminous  coal  were  used  in 
blast-furnaces  and  when  steam-power  was  utilized  for  blowing;  but 
as  the  furnace-stacks  assumed  larger  dimensions,  and  the  assembling 
of  materials  became  by  means  of  better  roads,  canals,  and  improved 
river-transportation,  less  difficult,  the  location  of  the  plants  changed 
somewhat.  Proximity  to  the  raw  materials  remained,  however,  the 
most  potent  factor;  and,  as  a  rule,  a  convenient  supply  of  ore  and  flux 
was  regarded  as  preferable  to  that  of  fuel.  The  introduction  of  our 
railroad-system  being  nearly  contemporaneous  with  the  use  of  mineral 
fuel,  the  application  of  the  hot-blast  at  the  blast-furnaces  and  the 
substitution  of  steam  for  water-power,  many  changes  in  connection 
with  this  industry  were  jointly  affected  by  these  causes.  Iron-works 
once  established  drew  m'anufacturers  of  other  classes  to  the  vicinity  ; 
and  in  this  way  important  industrial  centers  were  created  and  main- 
tained. 

The  general  advance  in  population,  wealth  and  multiplied  indus- 
tries, encouraged  iron-producers  to  enter  new  fields  ;  and  the  market 
which  is  offered  by  a  centralization  of  transportation  facilities,  has 
had  great  influence  in  determining  the  location  of  some  important 
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producino'-plants.  To  the  introduction  of  the  Bessemer  and  open- 
hearth  steel  processes  much  of  the  rapid  augmentation  of  our  con- 
sumption of  pig-iron  is  unquestionably  due.  In  twenty-five  years 
the  steel  manufacture  has  grown  from  an  output  of  3000  net  tons  to 
over  4,000,000  net  tons  in  1891. 

For  a  general  survey  of  the  influence  of  location  upon  pig-iron 
production,  the  country  may  be  divided  geographically  into  general 
sections,  or  state  boundaries  may  be  recognized  in  the  comparisons 
made.  It  is  deemed  best  to  base  such  comparisons  upon  promi- 
nent districts  in  which  there  has  been  already  developed  a  large 
pig-iron  producing  capacity ;  but  in  addition  the  statistics  by  States 
will  be  given,  so  that  inferences  may  be  drawn,  if  desired,  according 
to  political  boundaries. 

The  following  table  gives  the  quantities  of  pig-iron  produced  in 
most  of  the  States,  the  amount  of  this  output  which  was  of  Bessemer 
grade,  and  the  proportion  of  the  Bessemer  output  to  the  total.  A 
period  of  five  years  was  selected,  in  the  belief  that  the  figures  for  these 
vears  closely  represent  the  conditions  affecting  the  present,  and  those 
which  may  influence  the  near  future. 

The  table  shows  that  the  annual  output  of  pig-iron  of  the  State 
of  Pennsylvania  increased,  and  that  in  the  same  time  the  product  of 
Bessemer  pig  in  the  State  was  also  augmented,  the  percentage  of 
Bessemer  pig  increasing  from  50  per  cent,  in  1887  to  52.57  per 
cent,  in  1891.  This  increase  was  chiefly  due  to  the  augmented  out- 
put of  Bessemer  iron  in  Allegheny  county,  the  valleys  of  the  upper 
Susquehanna  and  Shenango  and  "Miscellaneous;"  the  Lehigh, 
Schuylkill,  and  lower  Susquehanna  valleys  show  a  decreased  per- 
centage, 

Illinois  increased  both  her  total  output  and  her  Bessemer  pig-iron 
product;  but  the  percentage  of  Bessemer  shows  a  continuous  decline 
from  97.11  per  cent,  in  1887  to  80.80  per  cent,  in  1891. 

Ohio's  percentage  of  Bessemer  pig-iron  shows  a  marked  increase, 
from  33.94  per  cent,  in  1887  to  44.34  per  cent,  iu  1891,  the  incre- 
ments in  the  total  and  Bessemer  pig-iron  being  about  the  same. 

In  Alabama  the  pig-iron  output  has  increased  in  five  years  over 
200  per  cent.  The  character  of  the  iron-ores  used,  however,  was 
such  that  no  Bessemer  pig-iron  was  made  until  1891,  and  then  but 
700  tons,  or  .08  per  cent  of  the  total  output  was  of  this  grade. 

New  York's  percentage  of  Bessemer  pig-iron  in  1887 — 21.12 — 
was  nearly  doubled  in  1891  to  41.85  per  cent.,  the  increase  in  the 
tonnage  of  Bessemer  pig  being  greater  j>roportionately  than  in  the 
total  pig-iron. 
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Maryland  has  shown  a  wonderful  advance  in  Bessemer  pig  from 
nothing  in  1888  to  90.33  per  oent.  of  her  total  in  1891,  this  being 
due  chiefly  to  a  large  enterprise  first  started  in  1889;  but  the  in- 
crease in  quantity  of  Bessemer  pig-iron  was  greater  in  Pennsylvania 
and  Ohio  than  in  Maryland. 

West  Virginia  is  the  only  other  State  which  produced  a  large 
amount  of  Bessemer  pig-iron  in  1891,  97.68  per  cent,  of  its  output  be- 
ing of  this  character.    Lake  Superior  ores  are  used  almost  exclusively. 

Missouri's  percentage  of  Bessemer  iron  has  risen  in  five  years  from 
88.52  per  cent,  to  91.12,  but  her  product  in  1891  was  much  below 
that  of  any  of  the  other  years  under  consideration. 

Of  the  remaining  States,  New  Jersey,  Wisconsin,  Colorado,  Michi- 
gan, and  Tennessee,  all  show  a  greater  or  less  decline  in  the  percent- 
age of  B&^semer  pig,  while  North  Carolina's  whole  output  in  1891 
was  Bessemer  iron.  Texas,  Minnesota,  and  Kentucky  each  pro- 
duced small  amounts  of  Bessemer  pig-iron  in  1891. 

While  the  percentage  of  Bessemer  pig-iron  produced  in  the  dif- 
ferent States  has  varied  considerably,  this  is  not  the  case  with  the 
country  as  a  whole,  the  Bessemer  product  of  which  has  maintained 
approximately  the  same  relation  from  year  to  year,  though  showing  a 
decline  from  44.81  per  cent,  in  1887  to  41.94  per  cent,  in  1891. 
The  amount  of  Bessemer  pig  made  was  3,220,517  tons  out  of  a  total 
of  7,187,206  tons  in  the  first  mentioned  year,  and  3,888,853  tons 
out  of  9,273,455  tons  in  the  latter.  It  is  worthy  of  notice  that 
greater  proportions  of  Bessemer  pig-iron  were  produced  in  1887  and 
1890  than  in  any  of  the  other  five  years,  and  that  although  the  out- 
put of  Bessemer  and  of  all  kinds  of  pig-iron  advanced  greatly, 
reaching  the  maxima  in  1890,  the  proportion  which  the  Bessemer 
bore  to  the  total  production  in  1890  (44.47  per  cent.)  was  practically 
the  same  as  in  1887  (44.81  per  cent.). 

In  connection  with  the  record  as  presented  by  the  table,  the 
number  of  blast-furnaces  considered  to  be  on  the  active  list,  and  the 
number  reported  in  operation  at  the  close  of  each  of  the  five  years, 
are  given  below : 

Number  of  furnaces 

Number  of  in  blast  at  close 

furnaces.  of  year. 

1887, 583  339 

1888, 589  332 

1889, 570  344 

1890, 562  311 

1891, 509  313 

The  number  of  blast-furnaces  either  active  or  likely  to  be  in  oper- 
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ation  has  declined  since  1881,  when  717  were  recorded,  to  1890,  the 
year  of  our  greatest  pig-iron  output,  when  but  5Q2  were  on  the  ac- 
tive list ;  of  these,  but  311  were  in  operation  at  the  close  of  1890,  being 
a  smaller  number  than  in  any  other  of  the  preceding  twelve  years, 
with  but  three  exceptions  (1883,  1881,  and  1885),  in  each  of  which 
the  pig-iron  output  was  below  one-half  of  what  it  was  in  1890. 

Notwithstanding  the  new  plants  which  have  been  added,  the  total 
number  of  blast-furnaces  smelting  iron-ores  is  decreasing,  as  the 
recent  constructions  are  of  larger  proportions  or  of  superior  equip- 
ment to  those  which  are  relegated  to  the  past ;  and  the  existing 
plants  are  managed  with  skill  resulting  from  a  careful  study  of  the 
technical  and  physical  conditions  affecting  the  smelting  process. 

Four  districts  of  limited  areas  may  now  be  considered  as  repre- 
senting the  conditions  affecting  the  most  important  producers  of  pig- 
iron  in  the  United  States,  viz. :  (a)  the  Lehigh,  Schuylkill,  and  Sus- 
quehanna valleys  of  eastern  Pennsylvania;  (6)  the  Pittsburgh  dis- 
trict, including  Allegheny  county,  western  Pennsylvania,  and  eastern 
Ohio;  (c)  Chicago  ami  vicinity  in  Illinois;  and  (d)  the  Birmingham 
district  of  Alabama.  The  blast-furnaces  along  the  Ohio  river,  in 
what  is  recognized  as  the  Wheeling,  West  Virginia,  district,  might 
conveniently  be  considered  in  the  Pittsburgh  district,  but  they  have 
not  been  so  included  in  the  comparisons  offered. 

There  are  other  important  districts,  and  also  numerous  blast-fur- 
naces, scattered  singly  or  in  groups  over  a  large  portion  of  the  coun- 
try, most  of  which  have  some  apparent  advantage,  but  the  above 
mentioned  are  sufficient  to  suggest  the  relative  conditions  of  pig-iron 
production  in  certain  localities. 

(a)  The  eastern  Pennsylvania  district  was  developed  upon  the 
brown  hematite  deposits  of  that  region,  and  the  magnetites  of  Corn- 
wall, Pa.,  and  of  New  Jersey  and  southern  New  York,  aided  by  the 
proximity  of  the  anthracite  coal-fields  and  of  the  older  commercial 
cities.  While  local  ores  and  others  from  New  Jersey  and  New  York 
are  consumed  in  large  quantity,  and  anthracite  coal  is  the  basis  of 
the  fuel  charge,  liberal  additions  of  Lake  Superior  and  foreign  ores 
now  enrich  the  mixture,  and  coke  supplements  anthracite  coal  in 
most  of  the  blast-furnaces  of  eastern  Pennsylvania. 

(6)  The  iron  industry  of  Allegheny  county  and  western  Pennsyl- 
vania was  established  to  utilize  local  ores,  principally  carbonates ; 
but  now  little  of  this  local  ore  is  employed,  and,  with  a  few  excep- 
tions, the  furnaces  of  this  region,  as  well  as  those  in  the  neighboring 
portion  of  eastern  Ohio,  depend  almost  entirely  upon  the  richer  ores 
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brought  from  the  Lake  Superior  region  over  distances  varying  from 
600  to  1050  miles.  The  industry  has  grown  by  reason  of  an  estab- 
lished trade  and  the  abundance  of  cheap  and  excellent  fuel,  which 
not  only  facilitates  the  operation  of  the  blast-furnaces,  but  also  assists 
in  securing  the  location  of  mills  and  other  plants  to  utilize  the  pro- 
duct of  the  furnaces. 

In  what  may  be  called  the  Pittsburgh  district,  there  is  an  abun- 
dance of  excellent  fuel  at  low  rates,  and  an  accessible  supply  in  great 
quantity  of  the  best  iron-ores  the  country  has  yet  produced,  but  the 
supply  is  obtained  at  a  considerable  outlay  of  money,  on  account  of 
the  distance  the  ore  has  to  be  transported.  This  district  has  also  a 
large  local  consumption  for  its  product. 

(c)  The  furnaces  in  the  neighborhood  of  Chicago  procure  none  of 
their  raw  material  locally,  with  the  exception  of  limestone.  The  ores 
come  entirely  from  Lake  Superior  and  the  coke  from  the  Connells- 
ville  district  of  Pennsylvania,  that  is,  with  the  exception  of  the  lime- 
stone obtained  a  few  miles  outside  of  Chicago,  all  the  materials  enter- 
ing into  the  supply  of  the  blast-furnaces  in  the  neighborhood  of  that 
city  come  from  distances  varying  from  300  to  650  miles.  But  Chi- 
cago is  a  magnificent  railroad- center,  and  its  manufacturing  industries 
are  stimulated  and  advanced  by  this  fact,  and  also  by  the  availability 
of  cheap  fuel  for  other  purposes  than  for  smelting  irou,  and  by  the 
market  for  their  products.  Chicago,  with  neither  local  blast-furnace 
fuel  nor  iron-ores,  has  a  good  home  market,  and  is  an  excellent  dis- 
tributing point. 

{d)  Birmingham,  Alabama,  is  favored  by  an  unusual  concentra- 
tion of  coking-coal  and  easily-smelted  ores,  and  is  the  latest  addition 
to  the  large  iron-prcxlucing  centers.  NVhile  a  considerable  local  con- 
sumption has  grown  up  about  the  furnaces  in  that  locality,  encour- 
aged by  an  abundance  of  cheap  fuel,  this  is  still  far  short  of  the  pro- 
ducing capacity  of  the  blast-furnaces,  and  as  a  rule  distant  markets 
must  be  sought.  The  Birmingham  district  has  large  and  valuable 
ore-reserves,  much  inferior  in  quality,  however,  to  those  used  at 
Pittsburgh  or  Chicago,  the  character  of  the  iron  produced  being,  to 
a  great  extent,  valuable  for  one  class  of  purposes  only. 

As  our  population  advances  other  centers  will  be  developed.  The 
exploitation  of  ore-  and  coal-fields  in  Tennessee,  Virginia  and  adja- 
cent States  is  not  overlooked,  nor  is  the  industry  in  New  York,  Mich- 
igan, Missouri,  West  Virginia,  Wisconsin,  and  other  States  forgotten ; 
but  it  seems  probable  that  the  districts  named  will  continue  for  a  time 
to  be  the  most  active  claimants  for  precedence  in  total  output. 
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Perhaps  the  fairest  way  to  judge  of  the  relative  importance  of  these 
centers  is  to  compare  for  a  series  of,  say,  five  years,  the  amount  of 
pig-iron  produced  in  each  of  them,  taking  into  account  how  much  of 
this  product  was  of  Bessemer  grade  for  use  in  steel- works. 

For  this  purj)ose  a  table  is  given  below,  showing  the  output  of  ail 
kinds  of  pig-iron,  and  also  of  Bessemer  pig-metal  in  the  different  dis- 
tricts. In  the  eastern  Pennsylvania  region  (a)  are  grouped  the 
Lehigh  Valley,  the  Schuylkill  Valley  and  the  Susquehanna  Valley 
districts.  The  Pittsburgh  district  (6)  includes  Allegheny  county  and 
the  Shenango  Valley  of  Pennsylvania,  and  the  Mahoning  Valley  of 
Ohio.  The  Chicago  district  (c)  is  considered  as  embracing  all  the 
Illinois  blast-furnaces.  Similarly  the  entire  State  of  Alabama  was 
credited  to  the  Birmingham  district  [d). 

Tracing  the  total  production  of  pig-iron,  and  the  proportion 
of  Bessemer  pig-iron  made  for  five  years,  we  find  that  in  1887 
eastern  Pennsylvania  produced  more  pig-iron  than  any  of  the 
other  three  districts,  and  one-quarter  million  tons  more  than  the 
Pittsburgh  district;  Illinois  produced  but  one-third  of  what  was 
made  in  the  Pittsburgh  district;  and  Alabama  contributed  one-half 
as  much  as  Illinois.  In  Bessemer  pig-iron  the  same  order  of  prece- 
dence existed,  eastern  Pennsylvania  producing  nearly  a  million  net 
tons,  Pittsburgh  over  three-fourths  of  a  million,  and  Illinois  over 
half  a  million,  while  Alabama  made  no  Bessemer  iron  until  1891. 

In  1888  the  Pittsburgh  district  increased  its  production  of  pig- 
iron,  taking  the  first  rank,  with  an  output  a  little  above  that  of  the 
eastern  Pennsylvania  district.  Each  of  them,  however,  produced 
three  times  as  much  iron  as  Illinois  and  four  times  as  much  as  Ala- 
bama. But  in  Bessemer  metal,  eastern  Pennsylvania  still  led  the 
Pittsburgh  district,  Illinois  holding  third  place  with  about  the  same 
output  as  in  1887. 

In  1889  the  Pittsburgh  district  increased  its  output  of  pig-iron 
one-third,  eastern  Pennsylvania  coming  second,  Alabama  third,  and 
Illinois  fourth.  Much  of  the  increase  in  the  Pittsburgh  district  was 
in  Bessemer  pig,  and  its  output  of  this  class  of  iron  in  1889  was 
nearly  50  per  cent,  greater  than  that  of  eastern  Pennsylvania,  and 
more  than  twice  as  great  as  that  of  Illinois. 

In  1890,  the  banner-year  of  our  pig-iron  production,  each  of  the 
districts  produced  its  maximum. 

In  1891,  each  of  them  decrea.sed  its  output  of  pig-iron,  main- 
taining, however,  the  same  relative  positions,  and  the  same  holds  true 
of  the  Bessemer  product,  except  that  in  1891  Alabama  is  credited 
with  its  first  contribution  of  Bessemer  metal. 
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Omitting  the  influence  of  the  spurt  of  1890,  a  resume  of  five  years 
shows  in  the  Pittsburgh  district  (6)  a  continuous  advance,  the  output 
of  1891  being  49.80  per  cent,  greater  than  that  of  1887.  But  the 
Bessemer  product  of  this  district  increased  in  the  same  time  78.61 
per  cent.  The  production  of  pig-iron  in  eastern  Pennsylvania  (a) 
has  decreased  2.76  per  cent,  in  the  five  years,  but  the  Bessemer  out- 
put has  fallen  off  14.11  per  cent. 

Illinois  (c),  like  the  Pittsburgh  district  shows  a  nearly  constant  ad- 
vance in  both  the  total  and  the  Bessemer  pig-iron  output ; — the  increase 
in  five  years  being  32.55  per  cent,  of  the  former  and  10.29  per  cent, 
of  the  latter,  an  indication  that  the  production  of  foundry-iron  in 
Illinois  is  growing,  in  spite  of  the  fact  that  in  five  years,  owing  to 
the  largely  increa.sed  blast-furnace  capacity,  Alabama  trebled  its 
output  of  this  class  of  metal.  It  is  worthy  of  note  that  the  Pitts- 
burgh district  augmented  its  annual  tonnage  of  pig-iron  in  five  years 
over  one-third  more  than  the  increased  output  of  Alabama. 

While  the  statistics  above  given  show  the  present  and  recent  past 
of  the  districts  under  consideration,  it  would  be  unfair  to  draw  con- 
clusions without  taking  into  account  the  prospects  of  the  future,  par- 
ticularly as  to  the  available  sources  of  raw  material. 

In  the  eastern  district  of  Pennsylvania  (a)  the  lean  brown  hematite 
mines,  while  not  exhausted,  now  contribute  but  a  comparatively 
small  part  of  the  ore  consumed.  The  expense  of  exploitation  in  the 
mines  of  New  Jersey  and  of  southern  New  York  and  the  necessity 
of  roasting  many  of  their  ores,  does  not  indicate  a  cheap  supply  from 
this  source,  unless  it  be  obtained  in  part  by  magnetic  concentration. 
Although  the  Cornwall  deposit  shows  the  heavy  demands  made  upon 
the  deposit  in  recent  years,  there  is  evidently  enough  ore  for  the  near 
future,  and  the  probabilities  are  that  discoveries  may  increase  the 
quantity  when  such  ore  is  required,  but  the  comparative  leanness  of 
this  ore  and  the  necessity  of  roasting  it  works  to  its  disadvantage. 

Abundant  supplies  of  magnetic  ores,  supplemented  by  some 
excellent  red  hematite,  can  be  obtained  from  New  York  State. 
The  Lake  Champlain  district,  which  has  up  to  the  present  con- 
tributed a  total  of  about  16,500,000  gross  tons,  and  southern  New 
York,  will  send  ores  to  eastern  Pennsylvania,  and  recent  develop- 
ments on  the  western  flank  of  the  Adirondack  mountains  encourage 
the  expectation  that  additional  supplies  may  be  obtainable  with  the 
aid  of  concentrating  machinery.  There  seems,  therefore,  to  be  small 
reason  for  anticipating  a  marked  decline  in  the  output  of  eastern 
Pennsylvania,  and,  on  the  other  hand,  less  reason  to  anticipate  a 


484       INFLUENCE    OF    LOCATION    UPON    PIG-IRON    INDUSTRY. 

material  increase  in  that  locality  than  in  eastern  New  York.  Im- 
proved railroad  facilities  should  give  opportunity  for  assembling  in 
the  vicinity  of  the  Hudson  river  New  York  ores  to  be  smelted  with 
northern  Pennsylvania  fuel,  producing  pig-iron  close  to  a  good 
market. 

The  importation  of  foreign  ores,  which  in  1891  amounted  to  912,- 
864  gross  tons,  and  in  the  past  five  years  has  reached  a  total  of 
4,795,038  gross  tons,  has  a  marked  influence  upon  eastern  Pennsyl- 
vania furnaces;  and  this  influence  will  continue  to  affect  the  iron 
industry  of  that  district  as  well  as  that  of  New  York,  New  Jersey, 
Maryland  and  the  other  Atlantic  States. 

The  Lake  Superior  region,  from  which  the  Pittsburgh  district  (6), 
the  Chicago  district  (c),  West  Virginia,  Ohio,  Wisconsin  and  Mich- 
igan draw  most  of  their  ore-supplies,  has  been  contributing  since  1856, 
and  on  a  liberal  scale  since  1867;  a  total  of  65,000,000  gross  tons 
haviny:  been  taken  from  the  mines  of  the  four  ranges  included  in  that 
region  to  the  close  of  1891.  The  maximum  annual  shipment  was  over 
9,000,000  gross  tons  in  1890.  The  existing  mines  which  continue 
a  large  production,  the  new  discoveries  adding  each  year  to  the 
ore-reserves,  and  the  millions  of  capital  invested  in  the  region  in 
mines,  railroads  and  shipping-docks,  supplemented  by  other  millions 
in  vessels  and  receiving-docks,  are  signs  that  the  supply  from  this 
source  is  not  in  danger  of  early  exhaustion.  The  Connellsville  and 
other  Pennsylvania  coal-fields,  relied  ujjon  by  the  Pittsburgh  and 
Chicago  districts  for  coke,  likewise  give  little  anxiety  as  to  future 
supply. 

Nor  does  there  seem  to  be  any  immediate  prospect  of  the  exhaus- 
tion of  the  coal  or  the  ores  in  the  vicinity  of  Birmingham,  Alabama, 
but  the  large  increase  in  the  number  of  furnaces  will  rapidly  de- 
plete the  more  easily  won  ores,  of  which  greater  quantities  must  be 
mined  to  produce  a  ton  of  pig-iron  than  where,  as  a  rule,  the  de- 
posits are  richer,  as  is  the  case  in  the  Lake  Superior  region ;  and 
although  the  Alabama  ore  supply  is  great,  the  iieavy  drafts  upon  it 
may  add  so  much  to  the  cost  of  mining  as  to  partly  counterbalance 
other  local  advantages.  It  is  j)robably  practicable  to  improve  the 
quality  of  the  ore-supply  of  the  Alabama  section  by  adding  to  the 
local  ores  the  rich  iron-ores  of  known  deposits  in  Cuba,  brought  to 
Gulf  ports. 

While  no  one  of  tiie  four  districts  now  largely  producing  pig-iron, 
gives  indication  of  early  restriction  of  output,  the  blast-furnaces  in 
the  eastern  Pennsylvania  district  (a)  must  depend  upon  New  York, 
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New  Jersey,  Lake  Superior  and  foreign  ores  to  enrich  their  depleted 
local  mixtures.  The  Pittsburgh  district  (6)  must  continue  to  bring 
ores  long  distances,  the  Chicago  district  (c)  will  have  to  convey  both 
fuel  and  ore  hundreds  of  miles,  and  the  Birmingham  district  (d) 
with  coal  and  ore  convenient  will  have  to  mine  and  consume  a  greater 
quantity  of  each  to  produce  a  ton  of  metal  than  either  of  the  other 
districts  named. 

It  would  seem  that,  since,  even  of  the  best  of  ores,  1|  tons  are  re- 
quired to  make  a  ton  of  pig-iron,  while  the  consumption  of  coke  is 
often  less  than  1  ton,  it  would  be  better  to  manufacture  pig-iron  at 
Lake  ports,  because  it  should  be  cheaper  to  transport  lass  than  1 
ton  of  coke,  than  to  haul  IJ  tons  of  ore;  but  it  is  here  that  the  local 
market  for  the  pig-iron  of  the  Pittsburgh  district  is  such  an  impor- 
tant factor.  Similarly  it  would  seem  economy  to  assemble  the  raw 
materials  where  the  haul  of  coke  would  cover  less  distance  than 
from  the  Connellsville  region  to  Chicago;  but  the  same  commercial 
reason  holds  true  there. 

The  rapid  development  of  the  western  portion  of  our  country, 
particularly  that  which  is  tributary  to,  or  can  be  easily  reached  from 
the  Great  Lakes,  may  divert  part  of  the  future  iron-production  from 
Chicago  and  its  vicinity  to  points  nearer  the  ore-fields,  and  yet  not 
beyond  cheap  transportation  for  the  fuel.  Whether  this  fuel  will  be 
transported  in  its  raw  state  and  coked  at  the  blast-furnaces,  or 
whether  it  will  be  conveyed  as  coke,  is  a  problem  in  process  of  solu- 
tion ;  but  I  confess  to  feeling  gratifie<l  that  the  enterprise  which 
I  had  the  privilege  of  suggesting  five  years  ago,  viz.,  the  erection  of 
a  blast-furnace  at  Duluth,  Minnesota,  in  which  Minnesota  ores  are 
smelted  by  the  use  of  coke,  made  near  at  hand  from  Pennsylvania 
coal  carried  by  vessel  to  the  head  of  Lake  Superior,  has  proved  suf- 
ficiently successful  to  encourage  the  serious  consideration  of  similar 
projects  at  other  Lake  ports. 

A  local  market  is  a  primary  incentive  for  trade,  and  transporta- 
tion-charges for  600  miles  are  not  proportionately  as  great  as  for  100 
miles;  it  is  due  to  the  latter  tact  that  coke  can  be  sent  to  Chicago, 
and  ores  to  Pittsburgh  and  eastern  Pennsylvania  ;  and  it  gives  a 
reason  also  for  the  rapid  advance  of  the  Birmingham  district  of 
Alabama.  The  products  of  the  furnaces  of  Alabama  have  reached 
points  so  far  removed,  that  were  it  not  for  the  excellent  system 
under  which  large  quantities  of  material  are  handled,  it  would  be 
impracticable,  even  at  very  low  rates  of  production,  to  supply  iron 
to  points  now  reached.     Similarly  the  low  cost  of  mining,  handling, 
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and  transporting  iron-ores,  has  permitted  the. other  districts  to  attain 
their  present  position.  The  four  districts  named  have  each  abun- 
dant productive  capacity,  and  an  apparently  satisfactory  outlook  for 
future  supplies  of  necessary  raw  material.  While  the  development 
of  the  country  within  reach  of  these  centers  will  determine  very  largely 
their  future  growth,  the  important  fact  must  be  remembered  that 
both  the  cost  of  production  and  the  market-facilities  will  influence 
the  iron  manufacture.  Figures  are  not  necessary  to  prove  the  asser- 
tion, that  as  a  rule  the  Birmingham  district  can,  at  present,  produce 
pig-iron  at  lower  rates  per  ton  than  prevail  in  the  other  districts  ; 
or  to  demonstrate  that  its  product  has  to  cover  greater  average  dis- 
tances in  transportation  to  present  markets.  However,  the  actual 
cost  of  producing  pig-iron  is  not  as  far  apart  in  the  districts  named 
as  is  supposed.  I  am  indebted  to  the  courtesy  of  members  of  the 
Institute  for  some  confidential  figures  from  which  I  am  permitted  to 
draw  conclusions,  but  regret  that,  for  obvious  reasons,  I  must  re- 
frain from  presenting  the  figures  themselves,  naming  the  furnaces, 
or  giving  due  credit  to  chose  who  by  their  energy  and  ability  have 
accomplished  the  remarkable  results  they  report  as  to  output  and 
economy  of  operation. 

Taking  in  the  various  districts  blast-furnaces  of  nearly  similar 
dimensions,  which  are  well  located,  managed  and  equipped,  the 
relative  costs  of  the  different  items  show  that  the  expense  for  fuel 
per  ton  of  pig-iron  of  similar  character  and  grade  made  was  lowest 
in  Pittsburgh  and  highest  in  Chicago;  whereas  the  cost  of  ore  per 
ton  of  pig  was  lowest  in  Alabama  and  highest  in  Pittsburgh,  Labor 
per  ton  of  product,  however,  is  reported  highest  in  the  Birmingham 
district  and  lowest  in  the  Pittsburgh  and  Chicago  districts.  This 
last  item  is  affected  by  a  number  of  influences,  among  which  is  the 
difficulty  of  comparing  the  costs  at  different  furnace-plants,  where, 
owing  to  methods  of  management,  the  labor-account  may  or  may 
not  include  the  services  of  certain  mechanics  or  officers,  or  the  un- 
loading of  raw  materials.  The  large  amount  of  materials  necessary 
for  the  production  of  a  ton  of  pig-iron  in  the  Birmingham  district, 
as  compared  with  the  requirements  of  the  Chicago  or  Pittsburgh 
districts,  augments  the  number  of  furnace-employees,  and  the  demand 
for  labor  at  the  numerous  iron-works  in  Alabama  has  naturally  ke})t 
the  per  diem  rate  close  to  that  paid  elsewhere. 

Mr,  Carroll  D.  Wright,  U.  S,  Commissioner  of  Labor,  has  col- 
lected figures  showing  the  cost  of  pig-iron  in  twenty-six  establish- 
ments in  the  northern  district  of  the  United  States,  and  twenty-four 
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establishments  in  the  southern  district,  the  periods  covered  being 
irregular,  in  the  years  1888,  1889,  and  1890;  and  from  his  report 
the  following  summary  has  been  extracted: 


Northern 

District. 

Southern  District. 

Cost  of 

Cost  of 

Cost  of 

Cost  of 

Elements  of  Cost. 

544,377 
tons. 

one  ton. 

647,728 
tons. 

one  ton. 

Ore,  cinder,  scrap,  etc., 

$4,101,661 

$7,534 

12,255,841 

$3,480 

Limestone, 

273,207 

0.502 

304,142 

0.472 

Coke  and  coal, 

2,012,754 

3.698 

2,890,476 
$5,450,459 

4.462 

Total  materials, 

$6,387,6-.i2 

$11,734 

$8,414 

Labor, 

802,283 

1.474 

987,111 

1.524 

Officials  and  clerks, 

100,607 

0.184 

.  105,962 

0.164 

Supplies  and  repairs, 

277,413 

0.510 

397,550 

0.614 

Taxes, 

19,615 

0.036 

25,372 

0.039 

Total,  $7,587,540        $13,938        $6,966,454      $10,755 

A  considerable  portion  of  the  pig-iron  made  in  the  northern  sec- 
tion, is  of  Bessemer  grade,  and  as  this  costs,  according  to  the  .same 
authority,  $1.43  per  ton  more  than  the  ordinary  run  of  the  furnace, 
the  cost  ef  the  average  run  of  the  northern  furnaces  was  corres- 
pondingly increased  to  the  figure  given.  In  the  southern  district  no 
Bes.semer  pig  was  manufactured  in  the  years  under  consideration. 

The  natural  tendency  of  pig-iron  manufacture  has  been  to  cheapen 
the  product.  To  secure  this  decline  all  branches  of  industries  as.soci- 
ated  with  pig-iron  production  have  taken  part;  advanced  mining; 
methods  and  equipment  have  assisted  to  reduce  the  cost  and  alsO' 
the  losses  in  winning  iron-ore,  coal  or  limestone  from  the  mines  or 
quarries;  improved  railway-construction,  stronger  locomotives,  cars 
carrying  heavier  loads,  as  well  as  larger  vessels,  and  more  economi- 
cal machinery  to  drive  them,  have  done  their  part  to  bring  the  raw 
material  to  the  furnaces,  and  carry  the  product  away  from  them. 
At  the  plants  themselves,  technical  knowledge  has  joined^  hands 
with  mechanical  skill  in  the  construction  and  in  the  operation  of  the 
blast-furnaces. 

A  necessity  of  economical  and  successful  steel-manufacture,  espe- 
cially in  the  acid  Bessemer  process,  appears  to  be  the  production  of 
large  quantities.  This  permits  the  use  of  labor-saving  appliances, 
reduces  fuel-consumption  to  a  minimum,  and  encourages  the  con- 
centration  of  blast-furnaces  of  large  aggregate  capacity  in  the  vicinity 
of  steel-works,  where  the  direct  method  of  conveying  the  molten 
metal  from  the  blast-furnaces  to  the  converter  further  increases  the 


488       INFLUENCE    OF   LOCATION    UPON    PIG-IRON    INDUSTRY. 

economy  of  the  plant.  As  a  consequence,  an  immense  pig-iron  pro- 
ducing capacity  has  grown  up  about  the  steel-plants  of  the  country  ; 
and  these  great  industries  have  the  advantages  of  buying  raw  mate- 
rials in  quantities,  of  employing  the  highest  skill,  and  of  making 
use  of  the  most  approved  appliances. 

The  steel-works,  by  means  of  these  great  blast-furnace  plants,  can 
control  their  supply  of  pig-metal,  and  can  produce  it  generally  at 
less  cost  than  if  purchased;  and  the  following  questions  are 
suggested  ; 

1.  Are  not  the  same  economies  possible  for  plants  producing  pig- 
iron  for  foundries  or  mills  in  great  quantities?  2.  Will  not  the 
future  constructions  be  in  the  direction  of  securing  large  outputs 
from  centers  of  manufacture  where  supplies  of  ore  and  fuel  can  be 
assembled,  and  from  which  the  product  can  be  marketed  most  ad- 
vantageously ?  The  knowledge  and  skill  which  make  blast-furnace 
operation  successful,  command  compensation  which  is  not  measured 
by  the  tonnage  produced  ;  and  the  division  of  fixed  charges  by  a 
larger  output,  the  purchasing  and  handling  of  materials  and  sup- 
plies in  quantity,  and  the  disposition  of  the  pig-iron  and  cinder, 
all  combine  to  give  plants  of  increased  capacity  an  advantage  over 
smaller  ventures. 

A  plant  of  blast-furnaces  grouped  closely  together,  with  merely 
sufficient  protection  in  the  way  of  buildings,  for  the  comfort  of  the 
operatives  and  with  room  for  casting  to  be  utilized  only  in  cases  of 
emergency,  could  be  operated  with  advantage ;  the  metal  being  run 
from  the  furnaces  into  ladle-cars,  and  by  these  conveyed  to  mixers 
or  directly  to  comparatively  inexpensive  casting-sheds,  whore  labor- 
saving  appliances  for  moulding,  casting,  handling,  breaking,  and 
loading  the  pig-iron  could  be  employed. 

Mr.  Hewitt,  in  his  Presidential  address  at  the  Xew  York  meet- 
ing, October,  1890,  gives  a  table  showing  the  comparative  increase 
in  population  and  pig-iron  production  in  the  United  States  for 
six  decades,  which  he  says  "  brings  out  the  striking  conclusion 
that  the  production  of  pig-iron  has  always  increased  more  rapidly 
than  the  population,  and  that  the  ratio  is  an  increasing  one.  Be- 
tween 1830  and  1860,  the  production  of  iron  increased  twice  as 
fast  as  the  population  ;  between  18G0  ami  1890,  it  increased  four 
times  as  rapidly,  in  reality  over  four  times,  thus  proving  that  the 
national  wealth  continues  to  grow  from  decade  to  decade,  at  a  rate 
of  acceleration  of  which  the  world  affords  )io  previous  example. 
Inasmuch  as  during  all  this  time,  we  have   imported    iron   in  addi- 
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tion  to  our  production,  it  follows  that  the  consumption  'per  capita 
has  also  increased  more  rapidly  than  population.  In  1855,  accord- 
ing to  careful  calculations,  which  T  made  at  that  time,  we  were  con- 
suming iron  at  the  rate  of  117  pounds  per  head,  whereas  in  1890  the 
consumption  has  increased  to  rather  more  than  300  pounds  per  head, 
the  whole  of  which,  for  the  first  time  in  our  history,  we  are  produc- 
ing within  our  own  borders."     {Trans,  xix.,  481.) 

It  is  not  practicable  to  make  a  reliable  comparison  based  on  cen- 
sus-figures which  will  cover  exactly  the  population  and  production 
of  the  four  districts  which  have  been  considered  in  this  address  ;  but 
it  is  possible  to  illustrate  the  relation  which  pig-iron  production  has 
borne  to  the  population  of  the  United  States  and  diiferent  sections 
of  the  country,  in  the  last  four  censuses  ;  and  for  this  purpose  I 
copy  a  table,  prepared  for  a  lecture  delivered  before  the  Franklin 
Institute  of  Philadelphia,*  in  1891,  in  which  the  Southern  States  are 
considered  as  all  those  south  of  the  Potomac  and  Ohio  rivers,  and 
east  of  the  Mississippi,  including  Maryland  and  Louisiana  ;  the  New 
England  States  are  the  six  states  usually  so  called  ;  and  the  Middle 
States  comprise  New  York,  Pennsylvania,  New  Jersey  and  Dela- 
ware, all  the  rest  of  the  country  being  embraced  under  the  terra 
Western  States.  The  figures  for  the  United  States  are  also  given, 
and  as  the  lecture  was  delivered  before  a  local  institute,  those  of 
Pennsylvania  were  separately  stated  in  the  table,  besides  being  in- 
cluded under  the  Middle  States.  This  table  shows,  among  other 
interesting  features,  that  the  per  capita  output  of  pig-iron  in  the 
United  States  is  now  considerably  less  than  that  of  Pennsylvania 
thirty  years  ago.  In  that  period,  the  output  of  pig-iron  per  capita 
in  Pennsylvania  has  quadrupled,  and  that  of  the  rest  of  the  United 
States,  in  the  same  time,  has  not  quite  kept  pace  with  the  Keystone 
State ;  although  the  Western  States  show  a  somewhat  accelerated 
growth  of  output  per  inhabitant,  and  the  Southern  States  a  remark- 
able increase  in  this  particular.  Taking  the  production  of  pig-iron 
in  the  United  States  in  the  future  at  one  ton  for  each  six  inhabitants, 
say  375  pouiuh  per  capita  annually,  the  Western  States  must  double 
their  output  of  pig-iron,  and  the  Southern  States  increase  their  pro- 
duction fifty  per  cent,  before  they  supply  the  requirements  of  their 
present  population,  if  that  population  represents  average  con- 
sumers. 

It  has  been  ray  endeavor  to  present  some  of  the  influences  which 

*  Journal  of  the  Franklin  Institute,  vol.  cxxxii ,  p.  337. 
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l.ave  affected,  and  which  will  in  the  future  affect  the  manufacturer 
of  pig-iron,  making  no  comparisons  unjust  to  any  district,  and  to 
show  how  these  influences  have  changed  at  various  dates.  Other 
changes  may  be  looked  for.  The  representatives  of  each  locality  now 
producing  iron,  or  where  it  is  desired  to  produce  it,  must  consider 
the  bearing  which  the  ore  and  fuel  supplies,  the  growth  of  popula- 
tion and  the  market  offered  by  other  localities,  possibly  far  removed, 
will  exert  as  competitors.  Under  good  management,  the  maximum 
difference  in  the  cost  of  similar  grades  of  pig-iron,  as  reported  by 
meml)ers  of  the  Institute,  is  about  three  dollars  in  the  four  districts 
specially  considered  in  this  paper;  but  the  cheapening  of  transpor- 
tation brings  plants  into  close  competition,  which  are  hundreds  of 
miles  apart. 

The  data  presented  indicate  that,  notwithstanding  the  magnificent 
development  of  the  steel-industry,  the  proportions  of  Bessemer  pig 
to  the  total  iron  product  have  changed  but  slightly  in  five  years, 
and  that  less  than  one-half  of  our  present  pig  iron  output  is  of  Bes- 
semer grade.  The  indications  are  that  successful  iron  industries  built  in 
the  future  will  follow  the  tide  of  poi)ulation  rather  than  that  they  will 
form  nuclei  in  out-of-the-way  places  for  communities  to  emigrate  to; 
that  the  tendency  is  i-ather  to  centralize  the  production  of  pig-iron  in 
large  plants,  than  to  encourage  the  erection  of  individual  blast-fur- 
naces, except  as  initial  developments  of  new  districts ;  and  that 
while  the  manufacturers  of  Bessemer  and  open-hearth  steel,  by  both 
the  acid  and  basic  methods,  will  continue  to  advance,  there  will  be 
large  demands  for  iron  made  from  ores  not  within  the  Bessemer 
limit,  for  the  production  of  foundry  and  other  pig-irons. 


FAULT-BULES. 


BY  FRANCIS  T.  FREELAND,  LEADVILLE,  COLO. 

(Lake  Champlain,  Plattsburgh,  Meeting,  June,  1892.) 

An  examination  of  accessible  English  literature  shows  that  but 
small  space  has  been  allotted  to  the  determination  of  faults;  most 
suggestions  being  confined  to  Schmidt's  rule  of  the  downthrow  on 
the  hanging-wall  of  the  fault,  or  the  coal-miner's  rule  of  the  obtuse 
angle.  Von  Carnall's  modification  of  Schmidt's  rule  is  sometimes 
given  without  the  important  exception,  and  Ziramermann's  rule  is 
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scarcely  referred  to.  Kohler,  Serlo,  Groddeck,  Hoefer,  Goupilliere 
and  Henwood  have  gone  into  this  subject  quite  fully,  as  may  be  seen 
by  references  given  below.  An  attempt  is  made  in  this  paper,  to 
collect  from  various  sources  such  observations  and  suggestions  as 
appear  well-founded,  and  to  express  them  anew  in  clear  rules  of 
easy  application  for  the  use  of  the  miner  in  prospecting  for  the  dis- 
placed extension  of  a  faulted-  vein,  deposit,  contact,  bed,  or  s.ratura. 

Various  interruptions  may  occur  in  the  continuity  of  a  vein,  such 
as  a  branching  or  scattering  into  insignificant  and  untraceable  vein- 
lets;  a  "pinch,"  with  entire  disappearance  of  the  vein-material  and 
visible  seam  or  fissure;  a  junction  with  a  cross-vein,  without  any 
continuation  beyond  ;  or  the  irregular  crossing  of  an  older  vein  by  a 
younger  one.  A  zig-zag  fissure  may  run  partly  with  and  partly 
against  the  "grain  "  (cleavage)  of  the  rock,  or  with  and  against  the 
stratification,  having  only  one  of  the  two  courses  profitably  miner- 
alized. A  deposit  may  simply  taper  out  and  cease.  A  bed  or 
stratum  may  disappear  by  reason  of  local  uncoraformity  with  the 
formations  above  or  below ;  or  it  may  be  divided  or  terminated  by 
dykes  and  masses  of  eruptive  rocks.  Some  of  these  phenomena  re- 
semble faults  and  must  be  carefully  distinguished  from  them.  A 
false  appearance  of  faulting  may  be  given,  in  a  case  like  that  shown 
in  Fig.  1,  where  a  new  fracture,  cdefgh,  tends  to  form  across  an  old 
one  ab,  in  a  general  direction  making  an  acute  angle  with  it.  The 
new  fracture  may  take  the  line  of  least  resistance,  following  the  old 
fracture  for  a  short  distance  ef,  and  giving  rise  to  the  wrong  impres- 
sion, upon  superficial  examination,  that  the  older  fissure  ab,  is  the 
younger,  and  has  faulted  ch.  It  is  true  that  ab  may  be  the  plane  of 
a  fault  as  regards  some  still  earlier  deposit  which  it  crosses,  or  as  re- 
gards the  country-rock  ;  but  ch  has  not  been  faulted  by  it,  since 
as  the  sketch  indicates,  ch  passes  through  it  at  /,  and  is  therefore  of 
later  origin.  But  these  and  other  irregularities  of  veins  are  beyond 
the  subject  hereto  be  discussed. 

A  fault  in  the  sense  of  the  present  paper,*  is  a  fracture  of  the 

*  This  restricted  meaning  of  the  term  is  justified  by  English  and  American  usage 
in  metal-mining,  thongli  an  equally  natural  and  proper  significance  is  attaclied  to  it 
by  coal-miners,  who  consider  an  interruption  of  a  coal-bed  in  workable  quality  or 
mineral  constitution  as  a  "fault,"  though  the  formation  has  not  been  dislocated. 
Hence  "  dirt-faults,"  "slate-faults,"  "rock- faults,"  "  faults  of  erosion"  or  "denuda- 
tion," "  thinning-out-fanlts,  "faults  of  upheaval  "  (a  gap  without  dislocation),  etc. 
However,  most  of  the  faults,  other  than  those  of  displacement,  have  distinctive 
local  names,  such  as  "squeeze,"  "pinch,"  "nip,"  "nip-out,"  "balk,"  '.'check," 
"want,"  "swell,"  "horse,"  "horse-back,"  "hog-back,"  "soft,"  "sooty,"  "bandy," 
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rocks  forming  the  solid  portion  of  tlie  earth,  accompanied  by  a  rela- 
tive displacement  of  the  i)arts  on  either  side  of  the  fractnre.  Fault- 
fissures  may  be  mineralized  with  valuable  metals  or  not.  Most  true 
fissure-veins  are  formed  in  faults  having  a  small  displacement;  but 
faults  having  a  considerable  displacement  are  usually  barren.  Ncn- 
mineralized  faults,  that  is,  barren  fissures  which  appear  to  dislocate 
the  veins  or  other  tabular  deposits  which  they  cross,  are  considered 
below.  Evidences  of  faulting  may  sometimes  be  seen  on  the  surface 
in  a  bold  escarpment;  but  usually  that  will  have  been  destroyed 
by  erosion,  perhaps  by  erosion  keeping  pace  with  the  elevation. 
Again,  valleys  or  gulches  may  follow  the  course  of  a  fault,  the  origi- 
nal escarpment  and  the  broken  and  crushed  rock  of  the  fault  deter- 
mining the  drainage-flow  and  consequent  greatest  scoring.  When 
faults  in  wet  ground  contain  loose  debris,  they  act  as  reservoirs  and 
drainage  channels  for  a  large  territory.  Such  spaces,  if  tapped 
underground,  may  emit  overwhelming  floods  of  water  and  mud  ; 
and  special  precautions  should  therefore  betaken  in  mining  towards 
them.  On  the  other  hand,  when  filled  with  a  compact  clay,  they 
may  act  as  dams,  preventing  water  from  reaching  blocks  of  ground 
under  excavation.  Frequently  a  dyke  of  eruptive  rock  will  occupy 
a  line  of  faulting. 

The  vertical  extent  of  a  main  fault  must  be  sufficient  to  rpach  plastic 
or  compressible  rocks.  In  a  lateral  direction,  a  fault  often  passes  into 
folds  at  each  end,  with  the  greatest  displacement  toward  the  middle  ; 
or  runs  into  a  cross-fault  and  terminates  ;  or  branches  out  into  a  num- 
ber of  smaller  faults,  the  total  displacement  being  irregularly  dis- 
tributed between  them.  The  amount  of  the  dislocation  may  vary 
from  a  fraction  of  an  inch  to  several  miles.  The  lateral  extension  is 
similarly  variable.     The  cause  of  faults  is  the  stress  in  the  rocks  in- 

'' bad,"  "shattered"  or  "crushed  coal,"  "  dead  ground,"  "troughs,"  "swellies"  (a 
strongly  marked  depression  with  some  thickening),  etc.  A  fault  of  dislocation  is 
called  a  "hitch,"  "leap,"  "throw,"  "heave,"  "slide,"  "thrust,"  "thrust-plane," 
"overlap,"  "shove,"  "trouble,"  etc.  Gi-eenwell  notes,  p.  Ill,  the  use  of  the  word 
"dyke"  for  a  fault  of  dislocation,  while  he  prefers  "slip,"  using  "fault"  for  the 
other  interruptions.  The  word  itself  cannot  be  claimed  to  have,  like  the  German 
Verwerfung,  a  primary  meaning  involving  the  notion  of  displacement.  Yet  the 
English  synonyms  of  Venverfung  such  as  "  heave,"  and  "  throw,"  have  acquired 
somewhat  specialized  (though  not  always  clearly  defined)  significations ;  and 
"  fault "  seems  to  be,  though  not  altogether  unobjectionable,  the  best  of  the  recog- 
nized names  at  disposal  in  our  language,  to  describe  the  phenomena  here  under 
consideration.  In  this  I  follow  (see  titles  of  works,  under  "  Literature,"  below,) 
Geikie,  p.  SOS  ;  Prestwich,  p.  252 ;  Phillips,  p.  36  ;  Chance,  p.  10,  and  the  geologists 
generally. 
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duced  by  the  contraction  of  the  earth  due  to  its  cooling, — by  the 
condensation  of  sediments  during  nietaraorphism, — or  by  continental 
and  mountain  elevation.  The  sensible  expression  of  the  fracture  is 
an  earthquake.  While  most  mountains  are  simply  erosion-remain- 
ders, many  are  largely  due  to  faults,  the  dip  of  the  faults  being 
usually  away  from  the  principal  mountain-mass.  A  compressive 
horizontal  force  tends  to  produce  a  thrust-plane,  slide,  or  over-lap, 
with  the  dip  toward  the  part  most  raised,  and  the  rocks  forming  the 
hanging-wall  of  the  fault  move  upward  along  the  foot-wall.  A 
thrust  has  the  effect  of  diminishing  the  horizontal  extent  occupied, 
duplicating  the  strata  in  a  vertical  section  and  placing  older  strata 
above  younger  ones.  A  force  causing  a  differential  elevation  of  rock 
masses,  whatever  its  origin,  tends  to  produce  a  stretching-fault,  throw, 
heave,  or  leap,  with  the  dip  away  from  the  part  most  raised  ;  and 
the  hanging-wall  rocks  move  downward.  A  stretching  fault  in- 
creases the  lateral  area  covered,  by  the  production  of  gaps  (but  see 
exception  below,  Fig.  11),  bringing  much  younger  rocks  than  the 
normal  succession  requires  down  upon  the  older  ones.  It  has  been 
suggested  that  the  jointing  of  rocks,  without  much  displacement, 
may  be  due  to  a  twisting  stress.  The  inclination  of  slides  or  over- 
laps is  often  less  than  45°  from  the  horizontal.  The  plane  of  dis- 
location is  sometimes  called  the  "  shode  "  or  "  leader."  A  fault 
presenting  an  upthrow  when  encountered,  is  sometimes  called  a 
"riser,"  and  if  a  downthrow,  a  "dipper."  The  walls  of  a  fault 
and  other  planes  parallel  to  the  walls,  through  the  mass  of  the  fault 
material,  frequently  show  slickensides.  The  throw  of  a  fault  is  the 
vertical  displacement  of  the  vein.  This  term  is  often  used  for  a  fault 
in  veins  of  small  dip, /.e.,  "up-"  or  "down- throw"  or  "-cast." 
The  ivklth  of  a  fault  has  been  defined  as  the  horizontal  displace- 
ment of  the  vein,  in  veins  of  small  dip,  where  a  gap  has  opened. 
The  heave  of  a  fault  is  the  horizontal  displacement  of  the  vein, 
measured  perpendicularly  to  the  strike  of  the  vein.  This  term  is 
often  used  for  a  fault  in  veins  of  strong  dip,  resulting  in  an  apparent 
dislocation  sideways. 

The  relative  motion  on  the  plane  of  the  fault,  in  general,  may  be 
a  simple  translation,  a  rotation,  or  a  combination  of  the  two,  in  any 
direction,  or  to  any  extent.  In  the  case  of  rotation  (ably  treated  by 
Prof.  Hoefer,  see  Dr.  Raymond's  paper,  Trans.,  x.,  456)  the  circular 
movement,  so  far  as  my  observation  goes,  is  commonly  slight,  and 
its  center  is  usually  situated  at  a  distance  from  the  point  under  ob- 
servation, thus  permitting  its  treatment  by  the  mining  engineer  as  a 
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simple  translation.  The  direction  of  the  movement  is  usually  that 
of  the  strongest  inclination  of  the  fault-plane,  but  often  oblique  and 
sometimes  horizontal.  To  an  inclined  vein,  a  movement  in  the  di- 
rection of  the  dip  of  the  fault-plane,  will  give  an  apparent  horizon- 
tal displacement,  and  yet  the  extension  of  an  ore-channel  will  not  be 
found  in  the  vein,  horizontally  opposite  its  termination,  but  above 
or  below  that  interruption.  A  gradual  change  in  the  dip  of  the 
vein,  contact,  or  stratum  may  produce  the  appearance  of  a  twist  in 
the  fault-movement  which  does  not  exist.  When  sufficient  explora- 
tions have  been  made,  the  amount  of  the  relative  motion  may  be  de- 
termined from  the  displacement  of  the  extension  of  an  intersected, 
distinctly  characterized,  ore-body,  or  of  a  marked  change  of  dip  and 
strike,  forming  a  trough  or  ridge,  or  of  a  more  ancient  vein,  dyke  of 
eruptive  rock,  or  fault.  The  direction  of  the  motion  may  be  esti- 
mated from  the  striations  or  groovings ;  but  sometimes  a  secondary 
insignificant  movement  will  confuse  this  indication.  The  twist  may 
be  detected  by  a  comparison  of  the  dips  and  strikes  of  the  vein  on 
either  side  of  the  fault.  With  these  data  platted  on  accurate  maps, 
the  disturbance  may  be  predetermined  in  unexplored  ground,  and 
the  extension  of  an  intersected  ore-channel  may  be  located. 

Faults  frequently  occur  in  groups,  nearly  parallel  and  with  their 
throws  in  the  same  direction,  being  produced  by  a  continuance  of 
the  original  stress,  and  often  the  rock  is  sheeted  parallel  to  the  main 
fissure.  The  known  behavior  of  a  certain  fault  may  give  informa- 
tion, in  advance  of  thorough  exploration,  as  to  the  probable  features 
of  another  fault  of  the  same  group.  But,  on  first  encountering  an 
undetermined  or  an  unidentified  fault,  the  indications  which  will 
lead  the  miner  to  the  displaced  extension  of  the  vein  must  be  sought 
for  at  the  place  opened.  The  directions  which  may  then  be  found 
useful  are  set  forth  below  as  rules,  together  with  the  principles  which 
underlie  them.  To  save  unnecessary  repetition,  the  term  "  vein," 
as  used  below,  may  be  understood  to  include  all  forms  of  tabular 
deposit. 

Rule  I. — Follow  the  trail  of  the  vein. 

For  instance,  the  fault  is  filled  with  angular  fragments  broken 
from  the  walls,  usually  lying  in  a  clay  matrix.  If  the  motion  were 
slow  and  took  place  under  pressure  without  much  clear  opening,  the 
debris  of  the  vein  should  occupy  that  portion  of  the  fault  lying  be- 
tween the  ends  of  the  veins  and  that  portion  only  (Fig.  2).  This 
indication,  however,  is  sometimes  confused  by  a  secondary  deposit  of 
mineral  or  a  similar  original  deposit  in  the  fault-crevice. 
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Fig.  13.     "^  \l^  Fig.  14. 

Illustrations  of  Faults. 
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Rule  II. — Follow  the  bending  of  the  vein  at  the  fault. 

Many  rocks  are  slightly  plastic  and  show  evidences  of  bending 
before  fracturing  (Fig.  3) ;  and,  during  the  grinding  incident  to  the 
formation  of  the  fault,  a  still  sharper  "drag"  or  wedging-out  may 
take  place  at  the  fault  (Fig.  4).  In  both  cases,  the  bending  must 
necessarily  take  place  in  the  direction  of  the  throw  of  the  fault.  If, 
however,  a  subsequent  horizontal  compression  arise,  the  vein  may  be 
curled  in  a  reverse  direction  (Fig.  5);  but  this  is  rare.  The  indica- 
tions to  which  Rules  I.  and  II.  can  be  applied  may  be  very  slight  or 
entirely  absent.  The  restoration  of  ground  disturbed  by  a  multiple  or 
step- fault  usually  develops  a  gentle  monocline,  the  dip  of  the  vein  in 
the  various  blocks  remaining  nearly  the  same  as  that  part  of  the  mo- 
nocline which  they  occupied  just  before  the  fracture.  This  probability 
may  give  some  intimation  of  the  dip  of  the  vein  on  the  further  side 
of  a  fault  (Figs.  6  and  7).  Coal  miners  say  that  the  seam  "dips  to 
the  downthrow  and  rises  to  the  upthrow." 

Faults  may  occur  in  stratified  rocks,  or  in  stratified  and  massive 
rocks  penetrated  by  dykes  of  eruptive  rocks,  or  in  massive  rocks. 
In  the  first  case,  when  the  thickness  and  order  of  superposition  of 
the  stratified  rocks  which  lie  above  and  below  the  particular  inter- 
rupted stratum  are  known,  the  problem  may  be  solved  by  inspection 
of  the  rock  forming  the  further  wall  of  the  fault  where  first  encoun- 
tered (Fig.  8);  and  the  same  may  be  practicable  in  the  second  case, 
where  the  mineral  horizon  lies  at  the  contact  of  an  eruptive  rock 
with  stratified  rocks  (see  Fig.  9,  in  which  p  is  porphyry  and  I  lime- 
stone). 

Rule  III.  (Freeland). — In  stratified  rocks,  and  in  all  rocks  when 
penetrated  by  a  djke  of  eruptive  rock, 'where  a  stratum,  bed,  or  con- 
tact-deposit is  interrupted  by  a  fault,  classify  the  known  rocks  into 
hanging-  and  foot-wall  rocks  with  regard  to  the  vein,  then  follow 
from  the  vein  along  the  fault  in  such  a  direction  as  will  keep  the  hang- 
ing-wall rooJcs  on  one  and  the  same  side  of  the  observer  and  the  foot- 
wall  rocks  continually  on  the  opposite  side,  either  in  a  horizontal  or  in 
an  inclined  course,  disregarding  any  exhibition  of"  basset  edges." 

An  examination  of  Figs.  8  and  9  will  demonstrate  the  reason  of 
this  rule.  Where  certain  strata  of  definite  composition  are  repeated 
above  and  below  the  vein,  the  rule  becomes  indefinite,  on  account  of 
the  impossibility  of  classifying  the  rocks  into  hanging-  and  foot-wall 
rocks.  A  distinct  rock,  the  normal  position  of  which  is  known,  must 
then  be  exposed  to  furnish  a  key  to  the  movement.  Where  the  un- 
expected stratum  (as  c  in  Fig.  8)  is  recognized,  and  its  distance  from 
VOL.  XXI. — 32 


498  FAULT-RULES. 

the  vein  is  known,  the  amount  of  apparent  throw  is  at  once  given. 
A  faulting  may  be  confused  with  unconformity  in  a  simply  stratified 
country,  and  a  fault  is  hardly  demonstrated  until  the  two  opposing 
ends  of  one  previously  continuous  stratum  have  been  exposed.  Where 
the  stratified  rocks  contain  eruptives,  the  rule  will  sometimes  become 
indefinite  on  account  of  irregularities  in  the  distribution  of  the  latter. 
Where  a  fault  occurs  in  massive  rocks,  positive  indications  for  the 
application  of  this  rule  are  wanting,  and  the  exploration  must  pro- 
ceed in  the  most  probable  direction. 

When  the  strike  of  a  fault  is  nearly  parallel  to  that  of  the 
strata  it  is  called  a  strike-fault  ;*  and  when  it  is  nearly  parallel  to  the 
dip  it  is  called  a  dip-fault.  Strike-faults  are  commonly  associated 
with  foldinsr  and  bending-  of  the  strata  and  are  often  reversed  where 
the  strata  are  strongly  folded.  A  normal  fault  is  one  in  which  the 
rocks  forming  the  hanging-wall  of  the  fault  move  relatively  down- 
ward upon  the  foot- wall  (Figs.  2,  3,  4  and  10),  and  a  reversed  fault 
is  one  in  which  the  opposite  movement  occurs  (Fig.  5). 

Rule  IV. — (Schmidt).  In  the  great  majority  of  cases,  the  i-ock 
forming  the  hanging-wall  of  the  fault  has  moved  downward  along  the 
foot-wall  of  the  fault,  i.e.,  most  faults  are  normal. 

This  rule  is  sometimes  called  the  rule  of  the  obtuse  angle  (see  in 
Fig.  3,  the  angles  ahc  and  bed)  and  stated  thus :  In  the  great  major- 
ity of  cases,  follow  that  portion  of  the  inclined  fault  which  makes 
an  obtuse  angle  with  the  known  part  of  the  vein.  The  rule  as  thus 
stated  is  limited  in  application.  It  can  possess  no  value  for  a  fault 
having  a  nearly  horizontal  throw,  the  vein  being  inclined  ;  for  in 
this  case  no  such  probable  relation  exists.  Again,  when  the  vein 
dips  at  an  angle  greater  than  the  complement  of  the  dip  of  the  fault 
and  in  the  opposite  direction,  this  case  is  opposed  to  Rule  IV. 
(see  Fig.  10,  where  the  acute  angle  ahc  should  be  followed,  the 
fault  being  normal).  The  rule  of  the  obtuse  angle  only  holds  for 
normal  faults  in  veins  or  strata  which  are  nearly  flat.  On  reverse 
faults,  Rule  IV.  fails ;  with  vertical  faults  it  becomes  indefinite; 
but  normal  faults  being  the  more  common,  the  rule  is  a  generally 
useful  one.  Schmidt's  rules  being  somewhat  complicated,  Carnall 
put  them  subsequently  into  a  simplified  form,  which  may  be  thus 
expressed  : 

*"  Strike-fault  "  is  not  altogether  a  happy  translation  of  streichender  Sprung,  if 
it  be  a  translation,  for  it  might  be  taken  to  mean  a  fault  dislocating  the  strike  of  a 
vein.  However,  after  some  hesitation,  I  retain  these  definitions,  following  Geikie, 
p.  513;  Andr^,  p.  35,  and  others. 
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Rule  Y.  (Carnall-Schraidt). — If  the  fault  he  eneountered  on  its 
hcmging-wall  side,  after  breaking  through  it,  prospect  toward  the  hang- 
ing-wall side  of  the  vein  ;  on  the  contrary,  if  from  the  foot-wall  side 
then  prospect  toward  the  foot-wall  side  of  the  vein.  This  rule  applies 
only  to  normal  faults,  and  is,  in  addition,  subject  to  an  important 
exception,  which  is  shown  in  Fig.  11.  Subject  to  tlie  same  ex- 
ception, this  rule  may  be  still  further  condensed  thus  : 

Rule  VI.  (Freeland). — Having  regard  to  the  dip  in  contradis- 
tinction to  the  "  rise,"  in  running  a  level,  turn  with  the  fault  in  such 
a  direction  as  will  keep  the  dips  of  the  vein  and  the  fault  at  the  same 
side  of  the  observer.     (Figs.  13  and  14.) 

For  horizontal  veins  or  faults,  this  expression  becomes  indeter- 
minate. For  an  obtuse  fault-angle,  Rules  V.  and  VI.  are  reversed 
(Fig.  11).  By  fault-angle  is  meant  the  angle  which  the  line  of  in- 
tersection of  the  vein  and  the  fault,  prolonged  toward  the  "  rise  "of 
the  fault,  makes  with  the  strike  of  the  fault,  extended  toward  the 
foot-wall  side  of  the  vein,  as  marked  with  an  arc  in  Figs.  11,  13 
and  1 4.  The  angle  is  measured  on  the  plane  of  the  fault,  but  its 
projection  on  a  horizontal  plane  will  show  whether  it  is  obtuse  or 
not,  as  one  leg  is  horizontal.  These  figures  represent  normal  faults, 
and  the  exception  shown  in  Fig.  11  is  rare.  With  reversed  faults 
both  the  rules  and  the  excej>tions  are  reversed.  An  inspection  of 
Figs.  13  and  14  will  demonstrate  Rules  V.  and  VI.  for  normal 
faults  and  acute  fault-angles ;  for  a  reversal  of  the  dip  of  the  fault 
will  reverse  the  apparent  horizontal  displacement  in  accordance  with 
these  rules. 

The  rule  proposed  by  Zimmermann  applies  to  normal  faults,  with- 
out any  exception  for  obtuse  fault-angles.  A  plan  is  required  show- 
ing the  strike  of  the  fault  and  of  the  known  part  of  the  vein ;  also 
the  line  of  intersection  of  the  fault  and  the  known  part  of  the  vein, 
determined  by  the  workings  or  platted  from  the  dips  of  the  vein 
and  the  fault  as  observed,  for  which  see  below. 

Rule  VII.  (Zimmermann). — Erect  a  horizontal  [bg,  Figs.  11,13 
and  14),  perpendicular  to  the  strike  of  the  fault  cd,  at  the  point 
b  of  the  intersection  of  the  strikes  of  the  known  part  of  the  vein 
ah  and  of  the  fault  cd,  toward  the  unknown  ground  g.  Determine 
the  line  of  intersection,  bh,  of  the  known  part  of  the  vein  ahhl  and 
the  fault  6f/m/i,  and  produce  it  toward  the  unknown  ground  i.  Note 
the  relative  position  of  the  perpendicular  g,  and  the  line  of  inter- 
section i,  in  the  unknown  ground.  After  breaking  through  the  fault, 
prospect  for  the  unknown  part  of  the  vein  ef,  on  the  same  side  of  the 
line  of  intersection  hbi,  as  that  occupied  by  the  perpendicular  bg. 
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The  horizontal  perpendicular  to  the  strike  represents  the  horizon- 
tal projection  of  the  relative  movement  on  the  fault.  With  a  nor- 
mal or  stretching-fault,  the  direction  of  the  motion  and  consequently 
the  second  sought- for  line  of  intersection,  is  evidently  toward  the 
unknown  ground,  whether  the  fault  dips  toward  or  from  the  ob- 
server. Fig.  11  is  constructed  for  the  case  of  the  obtuse  fault- 
angle;  Figs.  13  and  14  are  for  acute  fault-angles,  and  need  not  be 
further  enlarged  upon.  With  a  fault-angle  of  90°  the  rule  does 
not  become  indeterminate;  for,  no  matter  what  the  amount  of  fault- 
ing, there  is  no  apparent  dis])lacement  horizontally.  A  normal  fault 
with  an  obtuse  fault-angle  will  duplicate  the  bed  or  vein  on  a  ver- 
tical section,  in  the  area  between  the  lines  of  intersection. 

The  determination  by  geometrical  construction  of  the  line  of  in- 
tersection of  the  fault  and  the  known  part  of  the  vein,  the  respect- 
ive dips  being  given,  is  simple.  In  Fig.  12,  let  ox  be  the  hori- 
zontal plane  of  the  strikes;  lay  off  a;q/=60°,  the  dip  of  vein; 
and  xok  =  4:6°,  the  dip  of  the  fault.  For  any  convenient  depth 
ob,  determine  the  underlie  of  the  vein  bj  and  of  the  fault  6^;  lay 
them  otf  perpendicularly  to  the  strikes,  as  in  Figs.  11,  13  and  14, 
and  draw  lines  parallel  to  the  strikes,  J/ and  km,  intersecting  in  h. 
Then  hbi  is  the  line  of  intersection.  The  strikes  at  the  assumed 
lower  level  are  represented  by  hi  and  km.  Zimmermann's  rule  as- 
sumes that  the  motion  is  downward  on  the  dip-line  of  the  fault, 
and  not  diagonally  or  horizontally  (the  latter  being  uncommon). 

Diagonal  relative  fault-movement  occurs  generally  in  strongly 
folded  and  upturned  strata,  and  but  rarely  in  flat  strata.  The  stria- 
tions  will  give  the  direction  of  the  motion,  and  must  be  carefully 
observed.  Hoefer  says  that  in  some  cases  it  is  po.ssible  to  determine 
the  direction  of  the  movement  by  the  feel  of  the  striations ;  that 
if  the  hand  be  passed  over  the  striations  lengthwise,  the  direction 
which  feels  the  roughest  is  the  direction  of  the  motion  of  the  part 
to  which  the  striations  belong.  Considering  the  problem  generally, 
regard  l^eing  had  to  the  plane  of  the  fault ;  the  line  of  inter- 
section of  the  known  part  of  the  vein  with  the  fault;  the  direc- 
tion of  the  relative  motion  of  the  unknown  block  of  ground  in  the 
plane  of  the  fault,  whether  determined,  or  assumed  as  most  probable, 
then  : 

Rule  YIII. — After  cutUng  through  the  fault,  prospect  on  that  siJc 
of  the  line  of  intersection  of  the  known  parts  of  the  vein  and  fault,  in- 
dicated by  the  relative  motion  of  the  opposite  block  of  ground,  for  the 
extension  of  the  vein  and  second  line  of  intersection. 

If  the  motion  be  known,  the  solution  is  definite  and  general ; 
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without  positive  knowledge  the  most  probable  direction  is  to  be 
taken,  based  upon  an  inspection  of  the  dips  and  strikes  of  the  fault, 
vein  and  strata,  of  other  faults  in  the  neighborhood,  the  striations, 
the  rocks  exposed  and  the  surface  topography.  The  significance  of 
the  rule  lies  in  the  evident  fact  that  after  the  relative  motion  is  de- 
termined, the  resultant  displacement  does  not  depend  upon  the  dips 
and  strikes  of  any  of  these  planes,  but  solely  upon  the  line  of  in- 
tersection and  the  relative  motion  of  the  opposite  block.  The  con- 
struction for  any  particular  case  can  be  readily  made  without  further 
explanation,  in  accordance  with  the  known  principles  of  descriptive 
geometry,  and  the  shortest  or  most  convenient  method  of  explora- 
tion can  be  deduced  therefrom. 

The  study  of  faults  is  often  complicated  by  the  circumstance  that 
the  vein  or  the  fault,  or  both,  are  not  plane,  and  hence  give  crooked 
lines  of  intersection  which  are  not  parallel ;  or  by  the  plasticity  of 
the  rocks  and  the  strong  folding  and  crushing  of  the  strata;  or  by 
multiple  and  radiating  ftmlts  ;  or  by  simultaneous,  secondary  and 
successive  mineralization  of  vein  and  fault;  or  by  the  vagaries  of 
eruptive  rocks,  requiring  more  extensive  developments  than  are 
economically  permissible,  for  their  complete  determination. 
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TBE  CHASE  MAGNETIC  OBE-SEPABATOB. 

BY   HARVEY   S.    CHASE,    S.    B. ,    NEW  YORK   CITY. 

(Lake  Champlain,  Plattsburgh,  Meeting,  June,  1892.) 

After  considerable  experience  in  connection  with  the  magnetic 
iron-ores  at  the  South,  especially  in  the  Cranberry  district  of  western 
North  Carolina  and  eastern  Tennessee,  the  writer  was  led  into  a 
thorough  investigation  of  the  magnetic  separation  of  iron-ores,  and, 
fronj  this  investigation,  has  gradually  been  developed  a  separating 
machine  which  it  is  the  purpose  of  this  paper  to  explain. 

Numerous  United  States  patents  have  been  issued  upon  machines 
for  magnetic  separation.  Since  the  original  patents  date  back  to  1849, 
it  is  not  possible  to-day  to  establish  broad  claims  upon  the  princi- 
ples of  electro-magnets  as  applied  in  such  machines.  Among  these 
inventions  there  are  certain  types  of  separators  which  have  very 
marked  practical  advantages  over  the  others ;  and  these  successful 
machines,  while  varying  radically  from  each  other  in  their  propor- 
tions and  arrangements,  are  all  based  upon  a  principle  originally  ex- 
plained in  a  patent  which  was  granted  in  1870,  and  which  has  now 
expired  by  limitation. 

The  problem  of  practically  separating  iron-ores,  as  found  in  the 
mines,  is  very  different  from  the  separation  of  a  purely  magnetic 
substance  from  a  purely  non-magnetic  one,  since  the  crystals  of  mag- 
netite, scattered  through  the  ore-bearing  rock,  and  sometimes  col- 
lected in  masses,  are  of  very  different  sizes.  The  average  size  of  the 
particles  may  be  definitely  ascertained  for  each  mine,  and  the  crush- 
ing- and  screening-machinery  may  be  adapted  thereto,  but  there  will 
still  be  a  large  percentage  of  very  fine  crystals  which,  in  the  crush- 
ing for  the  average,  will  not  be  broken  apart  from  the  gangue.  If 
these  mixed  particles  are  thrown  into  the  heads  they  carry  gangue 
with  them,  and  if  thrown  into  the  tails  they  occasion  a  loss  of  iron- 
ore.  There  are  two  methods  for  preventing  such  loss.  One  is,  to 
crush  all  the  material  to  the  size  of  the  finest  particles,  which  means, 
of  course,  a  large  crushing-plant,  heavy  wear  and  tear,  and  excessive 
cost  for  repairs,  and  the  production  of  only  a  very  fine-grained  con- 
centrate which  our  blast-furnace  managers,  to  say  the  least,  do  not 
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ardently  desire.  The  other,  and  only  practical  method,  is  to  crush 
at  first  to  a  comparatively  coarse  size,  determined  by  the  character 
of  the  material,  and  to  separate  immediately  upon  a  machine  which 
has  a  power  of  selection,  and  which  will  throw  off  a  first-grade  of 
tails,  containing  practically  no  magnetite,  then  a  second  tails  or 
middlings,  with  iron  in  the  mixed  particles,  then  a  third  (and  if 
necessary,  a  fourth,  etc.)  division,  and  finally,  a  practically  pure  mag- 
netite as  heads.  The  first  tails  go  to  the  dump,  the  heads,  compara- 
tively coarse,  are  sent  at  once  to  the  bins  or  cars,  and  the  second  and 
third  or  other  tails,  which  may  amount,  perhaps,  to  one-fourth  of 
the  crude  material,  are  re-treated  on  a  second  separator,  and  such 
portions  of  them  as  may  require  it,  are  crushed  sufiBciently  fine  to 
break  the  magnetite  from  the  gangue.  The  fine  crushing  of  three- 
fourths  of  the  product  is  thus  saved,  and  the  cost  and  wear  are  cor- 
respondingly reduced,  while  the  concentrates  contain  mainly  coarse 
particles.  These  facts  have  been  appreciated  for  many  years  by  those 
skilled  in  the  art;  but  the  mechanical  and  electrical  difficulties  in 
the  designing  of  practical  machines  were  deemed  by  many  to  be 
insurmountable.  There  are,  however,  now  on  the  market,  as  already 
remarked,  a  number  of  forms  of  separators  which  act  on  this  prin- 
ciple, and  are  excellent  machines,  each  protected  by  special  patents. 

The  machine  which  is  the  subject  of  this  paper  is  one  of  these. 
In  designing  it  we  have  endeavored  to  keep  in  mind  the  essential  re- 
quirements for  machinery  subject  to  rough  usage,  viz.  (in  addition 
to  efficiency  and  economy  of  operation)  durability,  simplicity  of  de- 
sign, and  convenience  for  replacing  quickly  by  ordinary  unskilled 
labor  any  disabled  parts — considerations  which  apply  as  well  to 
magnetic  separators  as  to  other  machinery  connected  with  mining. 

This  machine  has  grown  out  of  the  original  Lovett-Finney  mag- 
netic separator,  which  has  been  running  successfully  at  Weldon, 
X.  J.,  for  eighteen  months  or  more.  We  have  retained  the  features 
of  simplicity  and  low  cost  for  repairs  which  distinguished  that  ap- 
paratus, but  have  changed  the  form  and  the  electrical  arrangement, 
and  have  added  other  magnetic  parts  which  essentially  modify  the 
action  of  the  separator  and  the  character  of  its  products. 

The  present  form  of  the  magnetic  wheel  is  a  solid  soft-iron  roll 
of  small  diameter  (4  inches  or  less),  and  of  any  desired  length  (usu- 
ally 3  feet),  in  which  two  helical  grooves  of  about  1  square  inch 
section  are  cut.  In  these  are  wound  coils  of  continuous  copper  wire 
or  ribbon.  There  being  two  spiral  grooves  (constituting,  in  fact, 
simply  a  double-threaded  screw),  the  wire  carries  the  electric  current 
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in  each  groove  in  the  opposite  direction  freo)  that  of  the  current  in 
the  adjoining  groove,  so  that  a  magnetic  circuit  is  set  up  which  con- 
verts the  screw  thread  into  continuous  helical  poles  of  opposite  po- 
larity, and  forms,  with  a  minimum  amount  of  iron,  copper,  and  cost 
of  manufacture,  a  magnet  of  extraordinary  strength,  with  a  contin- 
uous field  of  magnetic  force  all  over  its  circumference.  A  thin, 
drawn-brass  tube  is  slipped  over  this  roll,  protecting  it  from  injury, 
without  impairing  its  properties  as  a  magnetic  wheel,  equally  efficient 
per  square  inch  of  surface  whatever  the  length  of  the  roll  may  be. 

In  the  Chase  separator,  as  shown  in  Figs.  1  and  2,  there  are  three 
of  these  magnetic  rolls.  A,  B,  and  C,  Fig.  1.  The  function  of  the 
first  roll  is  to  separate  a  wholly  non-magnetic  grade  of  tails  from  the 
remainder  of  the  material  treated.  As  the  crude  material  is  fed 
upon  a  belt,  which  approaches  the  wheel  horizontally,  the  necessary 
consequence  is,  that  every  particle  of  magnetic  oxide  of  iron  comes 
immediately  within  the  scope  of  the  magnetic  field,  and  cannot  es- 
cape until  carried  by  the  rotation  of  the  roll  around  to  its  under  side, 
while  the  non  magnetic  tails  fly  off  tangentially. 

The  pure  magnetite,  the  mixed  particles,  and  a  considerable 
amount  of  non-magnetic  dust,  all  cling  together  to  the  belt  against 
the  under  side  of  the  roll,  and  are  passed  on  by  the  movement  of  the 
belt  to  the  first  of  a  series  of  horizontal  magnetic  poles.  These  are 
"consequent  poles,"  developed  by  winding  a  soft  iron  yoke  alter- 
nately in  opposite  directions,  and  inserting  between  these  windings 
soft  iron  bars  to  form  the  poles.  A  tumbling  motion  is  immediately 
set  up  in  the  mass;  the  middlings  drop  quickly  into  their  recepta- 
cle ;  the  fine  dust  continues  further,  but  falls  also  into  its  receptacle, 
while  the  pure  magnetite  passes  along  under  all  the  poles  and  is  de- 
livered by  the  last  of  these  to  the  second  magnetic  wheel,  B,  which 
whisks  the  magnetic  particles  around  the  sharp  corner,  freeing  them 
from  the  last  grains  of  dust  by  this  movement,  together  with  the 
action  of  a  blast  of  air  or  of  water  from  the  pipe  P.  The  second 
wheel,  jB,  delivers  the  magnetite  to  the  third  or  picker-wheel,  C, 
over  which  runs  the  second  belt,  which  carries  the  magnetite  to  any 
desired  point.  The  letters  in  Figs.  1  and  2,  besides  A,  B,  C  and 
F,  already  mentioned,  indicate  the  following  parts:  D,  driving- 
pulley;  E,  tightener-pulley;  F,  non-magnetic  rolls,  delivering 
"  heads ; "  H,  feed-hopper  and  feed-wheel ;   0,  overflow. 

The  separator  is  simple  in  its  construction  and  cheap  to  build.  Its 
wearing  j)arts  consist  of  the  bearings  for  the  shaft;*,  and  the  cheap 
cotton-duck  belt,  which  receives  all  the  wear  from  the  ore,  enduring, 
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by  reason  of  its  softness,  as  wax  does  before  the  sand  blast,  the  blows 
which  would  cut  rapidly  into  a  harder  and  stiffer  material.  These 
belts  have  been  in  use  for  eighteen  months  upon  the  separator  at  the 
Weldon  mine,  in  New  Jersey,  and  have  demonstrated  their  dura- 
bility under  these  conditions. 

The  merit  of  this  design  is  mainly  in  the  comparatively  small  rolls 
and  the  short  distances  between  the  magnetic  poles,  which  are  never 
increased,  however  wide  and  correspondingly  capacious  the  machine 
may  be.  The  winding  of  the  magnetic  rolls  in  double  spiral  with 
continuous  spiral  poles  gives  a  magnetic  field  of  equal  efficiency 
whatever  the  length  or  diameter  of  the  rolls,  and  the  winding  of  the 
intermediate  magnet  is  such  that  it  is  exactly  as  efficient  per  square 
inch  of  surface  whatever  the  width  of  the  machine  may  be.  There 
is,  therefore,  no  limit  to  the  width  of  the  machines,  except  such  as 
may  be  set  by  mechanical  considerations. 

The  length  of  the  separator  depends  entirely  upon  the  length  of 
the  intermediate  magnet,  which  decides  the  number  of  "tumbles" 
of  the  stuif,  and  thereby  the  quality  of  the  concentrates.  This  may 
vary  with  different  ores  and  degrees  of  fineness  of  crushing. 

Very  interesting  facts  in  connection  with  electro-magnets  of  these 
irregular  forms  have  been  brought  out  in  our  experiments;  and  as 
the  matter  is  one  of  considerable  importance,  involving  the  substitu- 
tion of  another  unit  of  measurement  in  place  of  that  now  in  general 
theoretical  use,  I  feel  justified  in  going  over  ground  already  familiar 
to  many.  As  we  all  know,  an  electric  current,  passing  along  a  wire, 
creates  around  that  wire,  through  the  air,  in  planes  at  right  angles 
to  the  direction  of  the  wire,  a  magnetic  current,  or  series  of  magnetic 
currents,  the  quantity  of  which  depends  upon  the  quantity  of  the 
electric  current.  If  a  bundle  of  wires  be  used,  the  quantity  of  the 
magnetic  current  round  about  the  bundle  is  proportional  to  the  total 
amperes  of  the  electric  current  flowing  through  tlie  wires;  and, 
taking  a  unit  width  of  this  magnetic  circuit  (say  one  inch,  or  one 
centimeter),  the  total  magnetic  "flux"  through  a  cross-section  of 
this  width  will  be  measured  exactly  by  the  total  amperage  in  the 
bundle  of  wires;  i.e.,  the  number  of  wires  times  the  amperes  in 
each.  If  this  magnetic  current  flowing  round  about  this  bundle  of 
wires  be  allowed  to  pass  through  soft  iron,  it  becomes  vastly  in- 
creased, the  soft  iron  acting  as  a  good  conductor  for  the  "  lines  of 
force."  This  increase  is  represented  in  theoretical  calculations  by  a 
constant  /j,  which  expresses  the  relative  conductivity  of  iron  and  air 
for  magnetic  lines  of  force.     This  constant  varies  with  the  quality 
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of  the  iron,  growing  less  with  harder  irons,  especially  with  the  in- 
crease of  carbon  and  manganese,  and  also  less  as  the  iron  in  question 
approaches  its  "  point  of  saturation,"  by  which  is  meant  the  maxi- 
mum number  of  lines  of  force  that  can  be  driven  through  a  unit 
section  of  it.  In  nearly  all  electrical  winding  to-day  the  cores  of 
soft  iron  are  of  circular  section,  and  the  wire  is  in  continuous  turns 
about  the  core,  so  that  the  term  "  ampere-turns"  has  come  to  be 
accepted  as  a  reliable  measure  of  the  magneto-motive  force,  and 
hence  of  the  number  of  lines  of  force  passing  through  the  core. 

The  design  of  irregular  forms  of  magnets  like  the  H-section  and 
spirally-wound  wheel,  already  described,  has  compelled  us  to  look 
for  another  basis  of  measurement,  as  "ampere-turn"  is  not  applica- 
ble to  the  spiral  winding;  and  we  have  thus  been  led  to  see  that  too 
much  emphasis  has  been  laid  upon  the  "  ampere-turn  "  in  theoretical 
laws  and  formulae,  and  that  the  term  "turn"  has  received,  in  this 
connection,  a  special  significance  which  it  should  by  novraeans  have. 
There  is  absolutely  no  advantage  in  a  completed  circle  over  the  same 
length  of  .straight  wire  for  the  creation  of  magneto-motive  force, 
and  therefore  a  "  turn  "  merely  represents  a  certain  length  of  wire. 
It  is  true  that  the  total  turns  multiplied  by  the  amperes  passing  in 
each  wire  gives  the  total  amperes  at  work  upon  the  magnet,  and 
this  is  properly  a  measure  of  the  magneto-motive  force  which  com- 
pels the  magnetic  current  to  flow  through  the  iron  from  one  pole  to 
the  other,  and  return  through  the  air  outside  the  coil  of  wire.  The 
quantity  of  the  magnetic  current  (technically,  the  magnetic  "  flux"  ) 
depends  also  upon  the  magnetic  resistance  of  the  circuit,  which 
varies  directly  as  the  length  of  the  circuit,  and  inversely  as  its  cross- 
section.*  It  is  evident  that  the  circle  is  the  best  form  of  section  for 
a  core,  as  it  gives  the  greatest  area  for  a  given  periphery,  and  there- 
fore the  least  magnetic  resistance  for  a  given  length  of  wire,  of 
all  sectional  forms.  So  lonar  as  we  are  considering;  a  core  of  circular 
section,  the  use  of  "ampere-turns"  is  correct,  as  the  outer  turns 
about  make  up  for  their  increased  distance  from  the  iron,  by  their 
increased  length  of  circuit.  This  fact  in  itself  shows  that  it  is  the 
length  of  the  wire,  together  with  its  nearness  to  the  iron  core,  which 
is  of  real  importance,  and  not  at  all  the  idea  of  a  complete  turn. 
When  we  consider  our  spirally-wound  magnet,  with  its  continuous 
helical  poles,  which  are  induced  only  by  straight  wires  on  one  side 
carrying  electric  current  in  one  direction,  and  by  straight  wires  on 
the  other  side  carrying  current  in  the  opposite  direction,  we  are 
forced  to  drop  the  term  "turns"  out  of  sight  entirely,  and  use  only 
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the  total  length  of  wire  in  a  unit-length  of-  coil,  which  gives,  when 
multiplied  by  the  amperage  of  the  electric  current,  a  proper  measure 
of  the  magneto- motive  force  generated  in  a  unit-length  of  the  core 
beneath  measured  in  the  direction  that  the  wires  run.  The  magneto- 
motive force  divided  by  the  magnetic  resistance,  gives  the  magnetic 
flux  or  total  number  of  lines  of  force,  and  thus  practically  the 
strength  of  the  magnet  under  consideration.  The  point  of  all  this 
extended  explanation  is,  that  for  "ampere-turn"  the  terms  "ampere- 
inch  "  and  "ampere-centimeter"  should  be  substituted,  inasmuch  as 
the  latter  terms  are  applicable  to  all  forms  of  magnet  coils,  while 
the  former  is  only  applicable  to  a  certain  special  case. 

I  have  noticed  this  point  at  some  length  because,  in  designing 
machines  involving  magnets  of  irregular  forms,  one  may  be  thrown 
off'  the  track  by  reason  of  the  circumstance  that  all  the  theoretical 
teaching,  including  the  books  upon  the  subject,  has  proceeded  from 
the  study  of  electro-magnets  with  cores  of  circular,  or  nearly  circu- 
lar, section  ;  and,  therefore,  all  measurements,  laws,  and  formuUe 
have  been  based  upon  the  ampere-turn,  which  we  have  found  to  be, 
for  the  conditions  of  our  irregularly  formed  magnets,  radically  wrong. 

In  all  such  problems,  however,  the  supreme  test  is  that  of  actual 
trial,  which  develops,  in  spite  of  all  the  theories  influencing  the  pre- 
liminary design,  faults  which  can  be  remedied  only  by  gradual  elimi- 
nation. It  is  from  experience,  and  not  in  oi)edience  to  any  theory, 
that  we  have  learned  to  design  magnets  which  are  decidedly 
"stubby  ;"  that  is,  have  very  short  magnetic  circuits,  short  poles  with 
not  too  great  distances  between  them,  and  a  maximum  amount  of 
current,  which  is  obtained  by  winding  with  ribbons  of  copper  instead 
of  round  wires,  thereby  increasing  the  amount  of  current  and  de- 
creasing the  voltage,  and  therefore  the  tendency  to  leak,  short-cir- 
cuit, or  burn  out. 

The  main  commercial  objects  of  magnetic  separation  are,  first,  the 
diminution  of  the  amount  of  earthy  gangue,  with  a  consequent  in- 
crease of  the  percentage  of  metallic  iron  in  the  product,  and,  second, 
the  incidental  elimination  of  phosphorus  (usually  present  in  apatite), 
and  often  of  sulphur  or  titanium.  A  crude  ore,  carrying  about  30 
per  cent,  of  iron,  and  reasonably  coarse  in  structure,  can  be  concen- 
trated to  66  or  68  per  cent,  very  readily.  The  loss  of  iron  as  mag- 
netic oxide  in  the  tails,  in  practical  every-day  running,  will  not  ex- 
ceed 3  to  4  per  cent,  while  the  total  loss  in  the  tails  will  depend  upon 
the  amount  of  iron  present  in  the  crude  material  in  a  non-magnetic 
state,  such  as  the  sesquioxide,  silicates,  and  sulphides,  though  each 
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of  these  may  be  at  times  somewhat  magnetic,  the  sulphides  espe- 
cially, one  variety  of  which,  pyrrhotite,  is  notoriously  so. 

There  is  a  general  protest  from  all  magnetic-separating  experts 
against  the  usual  method  of  judging  results  by  percentages  of  metal- 
lic iron.  Every  one  familiar  with  the  subject  through  actual  prac- 
tice appreciates  the  misleading  nature  of  this  test  in  comparing  re- 
sults from  different  separators  working  on  different  ores.  Especially 
is  this  true  with  regard  to  the  loss  in  tails.  Some  rich  ores  leave, 
after  separation,  a  very  small  amount  of  tails,  so  that  a  relatively 
minute  quantity  of  iron  lost  may  yet  make  a  large  percentage  in  the 
scanty  tailings,  while  low-grade  crude  ore  of  the  same  mineralogical 
character  and  physical  texture  may,  on  account  of  the  greater  bulk 
of  the  tails,  present,  apparently,  a  much  better  showing  in  percent- 
age of  loss.  The  only  proper  way,  in  such  comparisons,  is  to  deter- 
mine the  percentage  of  magnetic  oxide  saved,  and  the  percentage 
lost,  out  of  the  original  amount  in  the  crude  ore.  This  gives  a  basis 
for  comparison,  as  to  the  efficiency  of  the  machinery  and  its  adjust- 
ment, which  is  not  misleading. 

For  instance:  An  ore  carries  38  per  cent,  of  metallic  iron  in  the 
crude,  of  which  3  per  cent,  is  in  silicates  (hornblende),  the  other  35 
per  cent,  corresponding  to  48.3  of  magnetic  oxide  of  iron.  In  ex- 
amining the  results  of  separation,  we  find  that  the  heads  compose 
one-half  of  the  original  material  by  weight,  and  carry  67  per  cent, 
of  iron,  or  92.5  of  magnetic  oxide,  equal  to  46.3  out  of  the  original 
48.3  in  the  crude  ore,  while  the  tails  contain  the  remainder,  which  is 

2  per  cent,  of  magnetic  oxide  out  of  the  original  48.3  in  the  crude 
material  ;  but  this  2  per  cent,  is  4  per  cent,  of  the  weight  of  the 
^ails  themselves,  which  have  only  half  the  weight  of  the  original 
material.  In  this  case  direct  analyses  of  the  tails  would  show  4  per 
cent,  of  magnetic  oxide,  equal  to  2.896  of  metallic  iron,  and  also  6 
per  cent,  of  iron  from  the  silicates,  which,  as  the  weight  is  only  one- 
half,  would  be  doubled  in  percentage,  or  a  total  of  8.896  per  cent,  in 
the  tails.     Yet  there  has  been,  in  reality,  only  a  loss  of  the  original 

3  per  cent,  of  iron  in  the  silicate  and  1.448  of  the  original  35  of 
metallic  iron,  or  4.448  in  both.  This  discrepancy  between  the 
apparent  and  the  actual  results  is  the  greater,  as  the  proportion  by 
weight  of  the  tails  compared  with  the  crude  material  is  less. 

After  all  is  said,  it  still  rests  with  the  crushing  and  granulating 
part  of  the  plant  whether  there  be  a  financial  success  or  failure.  In 
nearly  every  case  the  crushing  costs  from  four  to  five  times  as  much 
as  the  magnetic  separation,  and  requires,  moreover,  the  greater  part 
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of  the  original  cost  of  installation.  It  is  for  this  reason  that  we 
believe  that  a  separator,  which  will  relieve  the  crushing-plant  of  a 
considerable  portion  of  its  work, — thus  permitting  the  use  of  a  smaller 
plant  for  a  given  aggregate  product,  and  greatly  lessening  both  the 
initial  outlay  and  the  cost  of  current  repairs,  and  which  accomplishes 
this  result  by  its  ability  to  divide  the  coarsely-crushed  mass  of  crude 
material  into  various  distinct  grades,  each  of  which  may  be  specially 
treated  afterwards,  according  to  its  needs, — must  be  a  factor  of  great 
importance  in  the  problem  of  magnetic  separation. 

Another  important  point  in  favor  of  this  machine  is  its  adapta- 
bility to  wet  separation,  by  which  I  mean,  to  the  treatment  not  of 
partially  wet  or  damp  material,  but  of  material  which  is  acted  upon 
by  the  alternating-poles  when  wholly  below  the  surface  of  water. 
The  action  in  this  case  is  the  same  as  in  air,  with  the  additional  ad- 
vantages of  the  solving  and  washing  effects  of  the  water,  as  well  as 
the  diminution  of  gravity  of  the  particles,  which  fall,  more  slowly 
from  the  belt.  For  separating  very  dusty  ores,  the  use  of  water  is 
indeed  essential,  especially  when  the  fine  dust  is,  in  considerable  part, 
apatite,  which  is  liable  to  cling  to  the  magnetite  and,  in  the  dry 
process,  to  be  carried  into  the  heads  in  spite  of  strong  air-blasts. 
Under  water,  there  is  no  tendency  on  the  part  of  any  earthy  minerals 
to  cling  to  the  magnetite;  all  the  dust  is  washed  off  immediately, 
and  the  heads  come  out  in  a  thoroughly  cleansed  condition,  carrying 
2  or  3  per  cent,  more  iron,  and  considerably  less  phosphorus,  than  by 
the  dry  process. 

The  separator  here  described  can  be  operated  either  wet  or  dry, 
without  other  change  (for  the  latter  purpose)  than  draining  off  the 
water  from  the  tank  and  attaching  an  exhaust-fan.  When  specially 
constructed,  however,  for  dry  work,  the  frame  and  arrangements  are 
somewhat  modified. 

As  I  remarked  at  the  outset,  the  machine  has  grown  up  naturally 
and  gradually  out  of  a  very  careful  study  of  the  whole  subject,  and 
especially  after  examination,  on  the  ground,  of  nearly  all  the  notable 
separating-plants  in  this  country,  an  investigation  which  convinced 
tiie  writer  that  there  was  still  abundant  "  room  at  the  top"  for  a  new 
and  practical  separator.  Its  success  is  largely  due  to  the  co-opera- 
tion of  Mr.  Axel  Sahlin,  the  engineer  of  the  International  Ore- 
Separating  Company,  to  whose  ability  and  experience  the  credit 
should  be  chiefly  ascribed  for  the  mechanical  compactness  and  sim- 
plicity of  the  large  machines. 
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2HE  LATE  DISCOVEBY   OF  LARGE  QUANTITIES  OF  MAG- 
NETIC AND  NON-MAGNETIC  PYRITES  IN  THE 
CROTON  MAGNETIC  IRON  MINES. 

BY  W.    H.    HOFFMAN,   M.E.,    BREWSTER,   N.   Y. 

(Lake  Champlain,  Plattsburgh,  Meeting,  June,  1892.) 

During  the  autumn  of  1891,  several  heavy  blasts  (each  throwing 
down  some  3000  tons  of  ore)  were  made  on  what  is  known  as  the 
Theall  side  of  these  mines.  Immediately  after  one  of  these  blasts, 
the  writer  found  that  at  least  one-third  of  the  ore  was  largely  im- 
pregnated with  pyrites,  and  besides  this,  fully  15  per  cent,  of  the 
entire  blast  was  composed  of  irregular  lumps  of  magnetic  pyrites. 
This  was  a  revelation  wholly  unexpected,  as  previous  examinations 
by  many  experts  had  failed  to  disclose  any  such  quantity  of  sul- 
phury ore.  Over  the  center  of  the  Theall  tunnel  there  suddenly 
appeared  a  perfect  keystone,  as  it  were,  of  pyrites,  3  feet  wide  at 
the  arch  of  the  tunnel,  13  feet  wide  at  the  top,  and  20  feet 
high.  This  keystone  pinched  out  in  February,  1892 ;  but  in  that 
month  large  blocks  of  pyrites  were  more  plentiful  on  or  near  the 
western  wall,  and  these  deposits  extended  the  entire  height  of  the 
workings,  some  43  feet. 

The  second  blast  in  November,  in  the  face  and  over,  and  on  each 
side  of  the  tunnel,  was  far  more  surprising.  The  whole  cross-section 
it  exposed  was  thickly  interspersed  with  layers  of  magnetic  pyrites, 
ranging  in  thickness  from  10  to  24  inches,  and  quite  irregular  in, 
form,  while  all  of  the  ore  carried  much  more  than  the  usual  amount 
of  sulphur  in  the  non-magnetic  pyrite.  One  hundred  and  fifty-five 
tons  from  a  portion  of  this  breast  (western  side),  showed  the  follow- 
ing composition  upon  sampling  and  analysis: 

Per  cent.. 

Metallic  iron, 45.080 

Phosphorus,     ..........         .304, 

Sulphur, 23.510 . 

And  the  balance  of  the  blast  showed  : 

Per  cent. 

Metallic  iron, •        .         .         .        .     33.210 

Phosphorus, 349 

Sulphur 6.680 

VOL.  XXI. — 33 
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After  a  third  blast,  the  scene  was  again,  transfornaed.  A  casual 
inspection  showed  that  the  large  lumps  of  pyrrhotite  were  at  this 
point  located  on  or  near  the  eastern  wall,  with  one  broad  sliver, 
about  2  feet  tliick,  lying  directly  under  the  keystone  before  men- 
tioned, which,  by  the  way,  had  become  smaller.  Next  to  the  sul- 
phury keystone  appeared  anotlier  of  lean  ore  and  rock ;  and  this 
rock  has  held  out  up  to  the  present  time;  though  it  is  not  now  as 
wide  as  it  was  in  the  early  winter. 

Previous  to  the  middle  of  October,  1891,  it  had  not  been  necessary 
to  reject  more  than  18  per  cent,  of  the  output  in  rock  and  sulphury 
ore,  but  the  amount  of  such  rejections  gradually  increased  until  in 
February,  1892,  it  had  reached  39  per  cent.  Had  the  roasting  ca- 
pacity of  our  plant  been  greater,  we  could  have  reduced  this  per- 
centage materially,  but  we  should  thus  have  increased  our  fuel-con- 
sumption. When  we  first  started  the  plant,  about  three  years  ago, 
the  sulphur  in  the  ore  roasted  averaged  2.85  per  cent.,  and  the  cost 
of  roasting  under  those  conditions  was  less  than  8  cents  per  ton. 
For  a  long  period  we  kept  it  at  9  cents,  but  in  February  of  the 
present  year,  even  after  the  rejection  of  from  34  to  39  per  cent,  of 
all  the  ore  mined,  the  cost  of  roasting  the  remainder,  so  as  to  keep 
the  sulphur  in  the  concentrate  below  1  per  cent.,  advanced  to  13 
cents  per  ton. 

Moreover,  the  richest  ore  gives  us  the  highest  sulphur.  Our  37 
per  cent,  crude  ore  now  usually  carries  over  6  per  cent,  of  sulj)hur; 
and  ahy  crude  ore  containing  over  40  per  cent,  in  metallic  iron 
shows,  on  an  average,  taking  the  pile  just  as  it  is  blown  down  from 
8  to  10  per  cent,  of  sulphur.  A  close  examination  shows  thin  streaks 
of  the  magnetic  sulphide  in  one  of  the  old  rooms  to  the  left  of  the 
tunnel,  and  also  at  the  western  side  of  a  shaft  connecting  the  upper 
and  lower  workings.  The  second  room  to  the  left  did  not  show 
quite  as  much  sulphur  in  either  form  of  pyrites,  but  it  did  show  an 
unlooked-for  amount  of  phosphorus,  the  analysis  giving  from  0.48U 
to  0.935  per  cent.  A  Hoffman  separator,  however,  reduced  the  gen- 
eral average  of  0.780  to  0.062  at  one  pass. 

No  other  mines  in  Putnam  county  have  shown  half  this  irregu- 
larity in  sulphur-distribution;  and  this  deposit,  until  late  in  1891, 
was  supposed  to  average  less  than  3.50  per  cent,  of  sulphur  in  any 
form.  All  indications  now  point  to  an  increase  in  sulphur;  espe- 
cially in  the  magnetic  pyrrhotite,  which  has  more  than  doubled  in 
relative  amount  since  the  building  of  the  concentrating  plant.  In 
some  of  the  masses  of  pyrrhotite  streaks  of  rich  magnetite  have  oc- 
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eurred  from  ^  to  l^  inches  in  thickness;  and  clinging  to  the  iron- 
ore  were  thin  sheets  of  apatite.  The  total  ore  contained  by  analy- 
sis, 41  per  cent,  metallic  iron,  26.5  sulphur,  and  0.670  phosphorus. 
I  have  neither  seen  nor  read  of  deposits  just  like  the  one  here  de- 
scribed ;  and  I  am  told  there  are  very  few  in  the  world  that  have  as 
much  sulphur  in  magnetic  combination  distributed  so  universally 
through  the  main  bed  of  iron-ore.  Our  only  remedy  for  this  new 
difficulty  is,  of  course,  more  roasting,  and  every  practicable  reduc- 
tion of  milling  expenses,  to  counterbalance  the  extra  expense  in 
roasting.  The  milling  complete,  delivering  material  ready  for  the 
separators,  cost  in  February  of  the  present  year,  26  cents  per  ton 
of  concentrates,  the  average  raw  ore  for  the  month  containing  a 
little  less  than  34  per  cent,  of  metallic  iron.  It  will  now  be  neces- 
sary to  reduce  this  item  even  below  the  figure  reached  in  1891  (22 
cents);  l)ecause  with  the  former  rate  of  rejections  (18  per  cent,  of  the 
ore  mined),  we  shall  now  have  an  average  of  over  6  per  cent,  in  sul- 
phur to  remove  in  the  roasters.  We  must  therefore  expect  to  spend 
at  least  16  cents  on  each  ton  of  raw  ore  to  reduce  the  sulphur  to 
0.7  per  cent.,  the  highest  sulphur-mark  now  accepted  by  the  Besse- 
mer furnaces.  It  is  the  aim  of  the  writer  so  to  arrange  a  set  of 
granulating-machines  that  the  desired  economy  in  reduction  shall 
be  secured,  but  it  will  be  several  months  before  this  matter  can  be 
decided.  We  have  heretofore  overcome  many  very  serious  obsta- 
cles, including  some  which  appeared  at  first  almost  insurmountable; 
and  we  hope  to  be  able  to  reduce  our  mining  and  milling  expenses 
to  an  extent  that  will  again  put  the  plant  on  the  road  to  success. 
Such  a  large  body  of  ore  deserves  one  more  experiment. 

In  January  and  February  of  the  present  year,  our  mining  cost  us 
46  cents  per  ton  for  everything  removed  ;  the  probabilities  are  that 
this  cost  can  be  reduced  to  40  cents  wherever  we  quarry  the  ore. 

Tunnel-  and  drift- workings  could  not  be  resumed,  since  the  cost 
would  l)e  immediately  raised  to  90  cents  per  ton,  and  this  would  of 
course  exclude  the  possibility  of  profit  under  the  circumstances. 
None  of  this  ore,  as  it  is  now  exposed,  can  be  used  without  thor- 
ough roasting;  and  since  its  average  in  metallic  iron,  as  it  stands  in 
the  mine,  is  now  fixed  below  36  per  cent.,  it  is  worthless  if  it  is  not 
also  concentrated.  The  mines  have  been  closed  until  the  necessary 
changes  in  the  roasting-  and  milliug-plant  shall  have  been  made. 
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THE  CUMMINGS  OBE-GBANULATINO  MILL. 

BY  C.    M.    BALL,   TROY,    N.    Y. 

(Lake  Champlain,  Plattsburgh,  Meeting,  June,  1892.) 

The  very  considerable  progress  made  during  the  past  three  years 
in  the  crushing  and  concentration  of  ores,  lends  special  interest  at 
the  present  time  to  any  means  of  a  more  efficient  character  than  such 
as  are  already  generally  known  and  in  use,  for  the  rapid  and  reg- 
ular reduction  of  large  quantities  of  the  harder  and  heavier  grades 
of  mineral-bearing  rock. 

Such  means  are  of  exceptional  importance  in  connection  with  the 
preparation  of  iron-ore  for  separation  by  the  magnetic  process,  since 
in  this  operation  the  capability  of  dealing  with  large  volumes  of 
material  and  of  securing  by  ready  means  of  adjustment,  a  granula- 
tion of  the  material  under  treatment  to  any  required  mesh  or  fine- 
ness, is  of  the  greatest  possible  value.  With  these,  however,  must 
be  coupled  the  further  considerations  of  the  amount  of  power  ex- 
pended for  the  work  done,  and  the  wear  and  tear,  represented  in 
the  cost  for  renewal  of  parts  of  the  crushing  machinery,  per  ton 
of  material  reduced  to  a  given  degree  of  fineness. 

In  general  terms  it  may  be  stated  that  the  operation  of  a  crush- 
ing train,  capable  of  reducing  an  ore-rock  of  average  density  and 
hardness,  from  the  condition  of  mine  lumps  to  pass  -jlg-.jnch  screen- 
openings  at  the  rate  of  20  tons  per  hour,  should  not  call  for  an 
expenditure  of  more  than  125  horse-power,  and  that  the  wear  aud 
tear  of  the  crushing  machinery,  all  told,  should  not  exceed  2  cents 
per  ton. 

In  the  design  of  a  crushing-train  for  an  ore-dressing  plant,  there 
are,  moreover,  considerations  of  great  importance  which  relate  to 
the  simplicity  or  complexity  of  construction  and  arrangement,  the 
wear  and  tear  of  few  or  many  elements,  the  easy  ability  or  difficulty 
of  maintaining  the  working  adjustment  of  the  various  elements  of 
the  train,  and  the  number  of  hands  required  for  the  operation  of  the 
system. 

With  these  points  in  view,  it  is  thought  that  the  Cummings  ore- 
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granulating  mill  presents  certain  advantages,  which  will  be  apparent 
from  a  study  of  its  construction  and  mode  of  operation,  and  of  some 
facts  which  are  known  concerning  its  performance  under  conditions 
of  heavy  work. 

Fig.  1  shows  in  longitudinal  vertical  section,  the  latest  and  most 
approved  form  of  the  mill,  adapted  to  receive  material  broken  to 
1|-  or  2-inch  cubes.  It  is  simple  in  construction,  yet  strong  in  all  its 
parts  and  able  to  perform  a  large  amount  of  work  with  moderate 
expenditure  of  power  and  small  expense  for  repairs.  It  is,  more- 
over, capable  of  being  kept  always  in  exact  adjustment  to  the  work 


Fig.  1. 


The  Cummings  Mill,  for  pulverizing  ores,  quartz,  and  any  hard  materials. 


to  be  done,  insuring  constant  capacity  and   uniformity  in   character 
of  product. 

Its  moving  parts  consist  of  two  short  shafts,  one  mounted  above 
the  other.  The  lower  shaft  B  is  driven  by  a  12-inch  belt  on  the  24- 
inch  pulley  A,  and  carries  the  32-inch  friction-pulley  C,  which  is 
fitted  on  its  periphery  with  wooden  strips,  forming  the  friction-sur- 
face. The  inner  end  of  the  shaft  B  may  be  raised  and  lowered  by 
means  of  a  screw  and  hand-wheel  not  shown  in  the  drawing,  which 
brings  the  pulley  C  in  contact  with  the  iron  friction-pulley  E, 
mounted  on  the  upper  shaft  F — the  surface-contact  being  16  inches 
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in  width  and  the  diameter  of  the  pulley  E,  16  inches.  It  will  be 
understood,  thttt  when  the  lower  shaft  is  raised  so  as  to  bring  the 
friction -surfaces  in  contact  and  to  impart  motion  to  the  upper  shaft 
F,  the  latter,  with  its  connected  parts,  rides  upon  the  friction-pulley 
C,  and  that  one  turn  of  the  lower  shaft  imparts  two  turns  to  the 
upper. 

On  the  inner  end  of  the  up[>er  shaft  F,  is  mounted  a  disk-head  G, 
36  inches  in  diameter,  which  is  provided  with  wearing  plates,  H  and 
K,  and  on  the  periphery  of  the  disk-head  G  is  shrunk  a  heavy 
wrought-steel  ring  V. 

On  the  stationary  body  of  the  machine,  which  also  forms  the  feed- 
chamber,  there  is  provided  a  wearing  plate  L,  which  corresponds  in 
its  face-construction  with  wearing-plate  K. 

These  two  plates  are  practically  the  only  parts  of  the  mill  that 
need  renewal.  They  are  made  of  chilled  iron,  and  are  cheap  and 
easily  replaced.  The  faces  of  these  two  plates,  K  and  L,  are  formed 
with  a  series  of  bands  and  furrows,  with  the  proper  amount  of  lead 
and  draft,  in  the  reverse  order  from  that  of  a  pair  of  mill-stones. 
These  faces  are  not  allowed  to  come  together ;  they  should  be  kept 
apart  from  |  to  f  of  an  inch,  according  to  the  nature  of  the  material 
under  treatment  and  the  required  fineness  of  reduction;  and,  as  the 
steep  sides  of  the  furrows  in  the  revolving  disk  face  those  in  the 
stationary  disk,  it  will  be  understood  that  the  operation  is  one  of 
disintegration  rather  than  oi  grinding. 

With  the  lower  shaft  speeded  to  five  hundred  turns  per  minute, 
the  upper  shaft  revolves  at  one  thousand  turns  per  minute.  As  the 
material  is  fed  into  the  hopper  X,  filling  ihe  throat  and  passage,  it 
presses  against  the  wearing-plate  H,  which  latter,  being  provided 
with  a  bar  cast  across  its  face,  breaks  the  feed  and  sweeps  the  ma- 
terial into  the  jaws  of  the  plates,  K  and  L,  where  it  is  reduced  until 
fine  enough  to  pass  out  from  between  those  plates  into  the  curb  M, 
the  first  impact  of  the  discharged  material  being  received  upon  the 
wearing-ring  T,  and  thence  through  the  spout  O,  to  the  elevator 
and  screens  of  any  desired  fineness,  the  screen-rejections  returning 
to  the  hopper  N. 

^y  a  thrust-bearing  S,  with  automatic  oiler  R,  and  screw  and  hand- 
wheel  P,  means  are  provided  for  adjusting  the  distance  between  the 
reducing  surfaces  K  and  L,  whereby  the  reduction  to  any  desired 
degree  of  fineness  may  be  determined  in  the  first  instance  and  con- 
tinuously maintained  by  taking  up,  from  time  to  time,  the  wear  of 
the  plates. 
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One  of  these  mills,  of  a  smaller  size  than  that  represented  in  Fig. 
1,  has  been  in  continuous  operation  for  a  period  of  ten  months  in 
the  reduction  of  cement-clinker,  an  exceedingly  hard  and  tough 
material,  much  harder  than  iron-ore  or  quartz.  This  clinker  is  fed 
to  the  mill  broken  to  about  the  size  of  1-inch  cubes,  and  is  reduced 
to  about  the  size  of  wheat  and  from  that  down  to  du>3t,  at  the  rate 
of  twenty  tons  per  hour.     The  work  requires  fifty  horse-power. 

In  a  trial,  this  mill  has  reduced  hydraulic  cement  (taken  direct 
from  the  kilns,  with  the  softer  portions  mixed  with  the  clinker, 
the  latter  amounting  to  about  one-third  of  the  total)  at  the  rate  of 
thirteen  hundred  pounds  per  minute,  the  product  passing  50-mesh 
wire-screens.  The  cost  of  renewal  of  wear-plates  has  been  $10  per 
month,  no  other  repairs  being  necessary.  ^ 

In  bringing  this  mill  to  the  notice  of  the  Institute,  I  have  been 
prompted  by  a  desire  to  widen  our  acquaintance  with  diflPerent  avail- 
able means  of  pulverizing  difficult  ores,  and  by  the  purpose  of  bring- 
ing about  such  healthy  rivalry  and  competition  between  different 
systems  as  will  lead  to  fuller  knowledge  of  all,  the  establishment  of 
their  relative  merits,  and  the  survival  of  the  fittest. 


MAGNETIC  CONCENTRATION  AT  TILLY  FOSTER. 

BY  F.    H.    MCDOWELL,    NEW  YORK   CITY. 
(Lake  Cham  plain,  Plattsburgh,  Meeting,  June,  1892.) 

The  increasing  interest  in  the  subject  of  electrical  separation  war- 
rants the  addition  to  what  has  already  been  written  of  a  few  lines 
covering  the  practical  workings  of  the  Tilly  I*  oster  mill  under  the 
direction  of  Mr.  E.  S.  Moffat,  General  Manager.  Since  my  last 
paper  was  presented  to  the  Institute,  Mr.  S.  P.  Tomkins,  the  super- 
intendent, has  had  thrust  upon  him  for  solution  several  problems 
complicated  by  the  introduction  of  new  conditions. 

1.  The  richer  portion  of  the  lean  ore  dump,  and  that  nearest  the 
railroad  track,  having  been  worked  up  in  1890,  the  handling  of  the 
balance,  including  a  largely  increased  amount  of  rock,  could  only  be 
accomplished  at  an  increased  cost. 

2.  The  tailings  had  accumulated  close  about  the  mill  to  such  an 
extent  that  arrangements  had  to  be  perfected  to  move  them  further 
away. 
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3.  A  prolonged  drought,  followed  by  the  emptying  of  the  ISIiddle 
Brancli  reservoir,  which  had  previously  been  the  source  of  water- 
supply,  called  for  heroic  measures. 

All  these  problems  have  been  solved  without  any  prolonged  stop- 
])age  of  the  mill,  and  without  materially  increasing  the  cost  of  the 
concentrates.  The  tailings  have  been  carried  further  away  from  the 
mill  by  raising  the  heads  of  the  sluices.  Where  the  coarser  par- 
ticles begin  to  accumulate  in  the  troughs,  drop-oflPs  are  made  for 
them,  and  the  finer  grains  are  then  carried  forward  in  mechanical 
suspension,  in  the  moving  streams,  even  to  the  furthest  settling-reser- 
voir, if  desired. 

The  pumping-back  system  is  an  ingenious  one,  and  worthy  of  de- 
tailed d^cription.  Mr.  Tomkins  noticed  that  a  very  small  stream, 
crossing  the  company's  property  on  its  way  to  the  Middle  Branch 
reservoir,  while  sometimes  dry  in  mid-summer,  was  frequently 
swollen  by  showers  and  rains  to  considerable  proportions.  He  con- 
ceived the  idea,  which  was  approved  by  Mr.  Moffat,  of  throwing  up 
three  light  dams,  which  would  secure  to  him  two  feeding- reservoirs 
and  one  supply-reservoir.  The  last  received  also  the  water  from  the 
final  settling- reservoir,  and  whatever  water  from  the  mine  was  not 
needed  by  the  contractor  for  his  boilers  and  crusher.  By  running 
all  these  streams  together  (after  a  thorough  settling  of  the  water 
which  had  passed  through  the  mill),  a  daily  flow  of  only  12,000  gal- 
lons has  been  made  to  do  duty  for  2-10,000  gallons,  the  amount  re- 
quired by  the  mill  every  ten  iiours.  By  this  system  a  light  shower 
has  kept  the  mill  running  for  several  days,  and  a  rainfall  of  IJ 
inches  has  carried  the  mill  along  for  six  weeks. 

By  reference  to  the  accompanying  table,  it  will  be  noted  that  be- 
tween February  15  and  December  17,  1890,  33,204  tons  of  lean 
ore  were  treated  at  the  mill,  and  12,305  tons  of  concentrates  made. 
Between  March  6  and  December  31,  1891,  34,515  tons  of  lean 
ore  were  sent  to  the  mill  and  13,066  tons  of  concentrates  shipped  to 
Scran  ton. 

From  the  time  the  plant  was  put  in  operation,  in  1890,  to  Janu- 
ary 1,  1892,  there  have  been  78,915  tons  sent  to  the  mill,  of  which 
60,827  tons  came  from  the  dump  and  18,088  from  the  mine,  and 
the  total  concentrates  shipped  to  January  1,  1892,  were  27,462  tons. 
The  cost  of  making  1  ton  of  concentrates  has  been"  reduced  from 
$2.10  in  1890  to  $1.99,  and  this  has  been  accomplished  in  the  face 
of  an  abnormal  increase  of  expenses,  due  to  the  siiortened  season 
brought  about  by  the  drought,  the   laying  of  draws  for  the  new 
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reservoir-system,  the  building  of  walls  for  the  increased  storage  of 
tailings,  and  the  purchase  of  several  new  cars. 

With  these  systems  perfected,  and  the  exhaustion  of  the  old  lean 

ore-dumps,  the  treatment  of  the  lean  ore  from  the  mine  during  1892 

bids  fair  to  be  attended  with  a  still  further  decrease  in  the  cost  of 
making  concentrates. 

Table  of  Results  for  1890  and  1891. 

1890.  1891. 

Tons.  Tons. 

Ore  used 33,204  34,515 

Concentrates  made, 12,305  13,066 

One  ton  of  concentrates  from,     ....       2.70  2.65 

Cost  Per  Ton  of  Concentrates. 

Ore  to  mill,  assorting  and  crushing,   .         .         .     $0.58  $0.45 
Labor : 

Mill,  ........       0.40  0.35 

Ore-bin, 0.05  0.07 

Removing  tailings, 0.03  0.07 

Repairs  in  mill, 0.12  0.11 

Analyses, 0.02  0.03 

Supplies  for  repairs, 0.33  0.32 

Coal, 0.57  0.43 

Repairs  in  mill,  January  and  February,  1891, 0.08 

Six  new  cars, 0.08 

Cost  of  one  ton, $2.10  $1.99 

Per  cent,  of  iron  in  ore, 27.17  27.38 

Per  cent,  of  iron  in  concentrates,        .         .         .     49.54  49.44 

Per  cent,  of  iron  in  tailings,        ....     10.04  11.00 

Number  of  days  run  by  mill,      ....  238.7  208.8 


THE  GRANULATION  OF  IRON- ORE  BY  MEANS  OF 
CRUSHERS  AND  ROLLS. 

BY  AXEL   SAHLIN,    M.E.,    NEW  YORK   CITY. 
(Lake  Champlain,  Plattsburgh,  Meeting,  June,  1892.) 

Having  no  business  interest  in  any  of  the  various  machines 
used  for  granulating  ores,  my  remarks  on  the  subject  are  prompted 
solely  by  my  desire  to  contribute  towards  the  determination  of  the 
best  apparatus  such  information,  as  I   have   been   able   to   gather, 
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partly  from  personal  experience  and  observation,  partly  by  discuss- 
ing the  subject  in  its  different  bearings  with  men  practically  engaged 
in  the  separating  and  crushing  business. 

The  Cyclone  pulverizer,  with  which  I  have  been,  of  late,  in  a 
measure  identified,  together  with  the  whole  tribe  of  its  competitors 
for  fine  grinding,  be  they  called  ball  or  cylinder  mills,  pulverizers, 
disintegrators,  or  what-not,  are  entirely  out  of  the  question  here  to 
be  considered.  Such  fine-grinders  are  wasteful  and  unsuitable  when 
it  is  not  pulverization  (i.e.,  destruction  of  crystals)  but  granulation 
(separation  of  crystals)  that  is  desired,  and  the  product  is  required 
to  be  as  uniform  in  size  and  as  free  from  dust  as  possible. 

I  may  add  also,  as  a  preliminary  proposition,  that  it  would  be 
unfair  to  condemn  sweepingly  any  of  the  various  machines  employed 
in  the  preparation  of  magnetic  ore.  Each  case  should  be  intelli- 
gently judged  on  its  own  merits,  according  to  its  own  nature,  and  it 
may  be  found  that  in  its  proper  sphere  a  machine  may  justly  be 
called  successful,  which,  outside  of  this  field,  is  an  absolute  failure. 

We  have  learned  from  Mr.  Hoffman's  paper  how  the  Sturtevant 
mill  at  the  Croton  mines  crushed  a  wonderful  quantity  of  ore  at  a 
cost  of  22  cents  per  ton,  of  which  only  J  to  f  cent  represented  the 
expense  of  renewals.  Who  can  wonder  that  Mr.  Hoffman  is  enthu- 
siastic over  his  mill?  But  if  the  same  mill  be  put  to  work  on  a 
hard,  finely  crystalline  ore,  such  as  that  of  the  Benson  mines,  the 
repairs  and  renewals  would  go  up  to  such  a  figure  as  to  show  the 
machine  to  be  out  of  its  proper  province.  Again,  at  Chauteaugay, 
where  the  ore  is  rather  friable  and  its  crystallization  is  clearly 
defined,  it  is  practicable  to  finish  the  granulation  on  a  multiple 
crusher,  which  machine  would  prove  utterly  inadequate  on  a  close- 
grained  New  Jersey  magnetite. 

The  ideal  way  of  preparing  a  magnetic  ore  would  be  to  detach  the 
different  crystals  from  each  other  without  further  injuring  them. 
What  we  must  practically  aim  at  is,  therefore,  granulation  to  the 
size  required  for  the  special  ore  in  question,  with  the  reduction  below 
that  size  of  as  small  a  percentage  as  possible.  There  are  three 
weighty  reasons  for  this  rule:  first,  it- is  a  waste  of  power  to  reduce 
the  particles  finer  than  necessary;  second,  the  fine  particles  of 
gangue  will  coat  the  granules  of  magnetite  and  the  magnetic  dust 
will  coat  the  granules  of  gangue  or  tails,  and  thus  heads  will  come 
out  lower  and  tails  higher  in  iron  than  necessary;  and  third,  dust 
will  fill  the  air,  cut  the  bearings,  heat  the  journals,  and  finally  force 
a  shut-down  for  repairs. 
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Pulverization  should  be  to  a  separator-man,  what  black  slag  is  to 
a  blast-furnace  manager  or  red-shortness  to  a  steel-maker.  It  should 
be  shunned.  And  yet  how  poorly  are  we  equipped  to  prevent  it. 
To  show  what  actual  granulation  means,  I  collected  one-half  ton  of 
magnetic  ore,  made  up  from  various  samples,  and  thus  fairly  repre- 
senting the  average,  and  had  the  same  crushed  in  two  successive 
crushers  and  two  sets  of  rolls.  The  jaws  of  the  first  crushers  were 
set  to  crush  to  l|-inch  mesh;  those  of  the  second  to  about  |-inch 
mesh.  The  first  rolls  were  set  about  -^q  inch  apart,  while  the  second 
rolls  were  drawn  up  almost  face  to  face  so  as  to  reduce  to  the  10-raesh 
(0.075  inch)  screen,  with  square  opening.  The  ore  was  sent  over 
this  screen  after  each  pass,  and  the  rejections  were  delivered  to  the 
next  machine,  until  the  whole  was  reduced.  The  ore  was  then 
sized. 

Through  the  courtesy  of  the  proper  authorities,  I  also  obtained  a 
sample  of  Port  Henry  ore,  crushed  by  means  of  the  Sturtevant  mill. 
This  ore  was  also  run  over  the  identical  sizing-screens  used  for  the 
ore  granulated  by  means  of  crushers  and  rolls.  The  results  of  both 
treatments  are  given  below  : 


Size  of 

Crushers  and  rolls. 

Sturtevant  mill. 

particles. 

Pounds. 

Per  cent. 

Pounds. 

Per  cent. 

10-16  mesh,       . 

.       310 

31. 

22^ 

22.5 

16-24      " 

.       210 

21. 

21i 

21.25 

24-40      " 

79 

7.9 

9i 

9.25 

40-60      " 

.       175 

17.5 

29^ 

29.5 

Above  60  mesh, 

.       209 

20.9 

15^ 

15.5 

Loss, .        .         . 

17 

1.7 

2 

2. 

Total,         ....     1000  100.  100  100. 

This  test,  even  as  carried  out,  decides  in  favor  of  the  crushers  and 
rolls.  But  it  is  not  fair.  The  conditions  are  altogether  favorable  to 
the  Sturtevant  mill,  because  the  powerful  exhaust  fan,  connected 
with  the  mill  at  Port  Henry,  has  evidently  drawn  off  all  the  fine 
particles.  The  ore,  as  received  by  me,  was  absolutely  clean  and  free 
from  dust,  but,  at  the  same  time,  I  have  the  direct  information,  that 
the  rapid  accumulation  of  "  worthless"  dust  in  the  collecting  room 
is  a  source  of  serious  loss  and  embarrassment.  Moreover,  the  Port 
Henry  ore  crushed  in  the  Sturtevant  mill  is  a  clean,  clearly  defined, 
coarse,  crystalline  magnetite,  containing  only  a  small  percentage  of 
dust-producing  minerals  ;  while  the  heterogeneous  mixture  treated  in 
the  above  experiment  by  the  rolls  did  not  carry  over  30  to  38  per 
cent,  of  iron,  and  contained,  besides,  a  large  amount  of  dust-produ- 
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cers,  such  as  feldspar,  olivine,  and  apatite,  all  of  which  reoiained  in 
the  sample,  when  it  was  sized. 

These  considerations  have  strengthened  me  in  ray  preference  for 
gradual  reduction,  as  compared  with  the  direct  granulation.  Sam- 
ples of  the  latter  operation,  as  effected  by  the  Gates  granulator,  look 
very  well,  but,  unfortunately,  no  figures  bearing  on  this  treatment 
are  available. 

Another  point  in  favor  of  crushers  and  rolls  is  the  smaller  amount 
of  power  required  for  a  certain  hourly  production.  A  20-inch  Stur- 
tevant  mill,  stated  to  have  a  capacity  of  20  tons  per  hour,  with  the 
requisite  auxiliary  machinery,  is  compared  below  with  a  crusher 
and  roll  plant  of  similar  capacity.  It  is  assumed  that  both  plants 
reduce  the  ore  to  10- mesh  size. 

Crusher  and  Roll  Flant. 

Horse-power. 
24-inch  by  14-inch  coarse  crusher,       ......       20 

Two  5-inch  by  20-inch  fine  crushers,    ......       20 

Three  pairs  of  rolls 45 

Elevators  and  conveyors, 10 

Transmissions  (30  per  cent.), 29 

Total, 124 

Sturtevant  Mill  Plant. 

Horse-power. 

24-inch  by  14-inch  coarse  crusher, 20 

20-inch  Sturtevant  mill, 110 

One  pair  of  rolls, 15 

Elevators  and  conveyors, 10 

Transmissions  (30  per  cent.), 46 

Total, 201 

In  this  estimate  of  power,  the  figures  quoted  by  the  manufactu- 
rers of  each  machine  have  been  accepted.  It  is  probably  about  as 
fair  one  way  as  the  other,  and  makes  a  showing  of  41  per  cent,  in 
favor  of  crushers  and  rolls.  In  a  day's  run  of  twenty  hours,  the  77 
horse-power  saved  represents  a  saving  of  $6.93  or  about  If  cents  per 
ton  of  ore  crushed,  calculating  3  pounds  of  coal  per  horse-power  per 
hour  and  coal  at  $3  per  ton. 

As  to  repairs,  it  is  more  difficult  to  find  a  basis  of  comparison  be- 
tween the  two  systems.  Mr.  Hoffman's  record  of  J  cent  per  ton  for 
the  Sturtevant  mill  could  hardly  be  lowered  by  other  machinery. 
On  the  other  hand,  I  have  it  on  good  authority  that  at  Port  Henry 
the  wear  on  the  cups  alone  amounted  to  one  new  set  for  every  600 
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tons  of  ore  ground.  Now  these  cups  are  said  to  weigh  about  800 
pounds,  and  their  cost  can  certainly  not  be  less  than  3  cents  per 
pound  or  $24  per  set,  which  is  equal  to  4  cents  per  ton  for  grinding 
cups  alone,  not  to  mention  screen- blocks,  collars,  and  occasional  re- 
babbitting  of  bearings,  etc.  The  life,  on  hard  ore,  of  a  pair  of  26- 
inch  steel  tires,  costing  about  $200,  averages,  as  nearly  as  can  be 
ascertained,  from  one  to  two  years.  Using  three  pairs  of  rolls  in  the 
above  assumed  20-ton  plant,  which  will  actually  run  20  hours  per 
day  during  250  days,  crushing  yearly  100,000  tons  of  crude  ore, 
and  estimating  the  average  life  of  the  tires  to  be  1 J  years,  one  set  of 
new  tires  would  at  this  rate  be  required  for  every  50,000  tons  of  ore 
crushed.  The  cost  of  tires  in  this  case  will,  therefore,  amount  to  0.4 
cent  per  ton.  On  one  particular  pair  of  rolls,  which  1  have  had 
opportunities,  off  and  on,  to  observe,  there  have  been  no  repairs 
required  during  fifteen  months  of  active  service,  and  the  tires  look 
good  for  at  least  another  fifteen  months.  In  general  practice,  how- 
ever, repairs  on  rolls  will  no  doubt  run  somewhat  higher.  If  jaw- 
crushers  be  rightly  constructed,  wear  on  the  same  should  at  least 
not  come  higher  than  on  the  rolls. 

The  above  considerations,  confirmed  also  by  observation,  have 
made  me  an  advocate  of  gradual  reduction,  at  least  for  hard  ore. 
This  being  adopted,  the  next  point  is  to  make  a  judicious  selection 
among  the  numerous  modifications  and  improvements  of  the  original 
Blake  crusher  and  Cornish  rolls,  which  are  at  our  disposal,  and  almost 
daily  present  themselves  in  new  and  varying  forms. 

The  only  too  common  way  to  select  crushing  machinery  has  been 
to  look  at  the  price-list.  Engineers  need  not  be  told  of  the  folly  of 
this  method  of  selection.  The  cheap  machine  will  rapidly  become 
very  expensive,  should  it  not  possess  the  qualities  required  for  the 
work,  and,  on  the  other  hand,  a  good  machine  at  a  rather  high  price 
will  soon  pay  for  itself,  if  it  occasionally  saves  us  a  few  days  of  a 
shut-down  for  repairs. 

A  jaw-crusher  should  be  of  ample  proportions  to  admit  freely  the 
largest  lumps  coming  from  the  mines.  The  number  of  working  parts 
should  be  as  as  small  as  possible  ;  the  wearing-surfaces  large  enough, 
well  protected,  lubricated,  and  made  of  suitable  material ;  and,  above 
all,  the  wearing-parts  should  be  easily  got  at  and  readily  exchanged. 
A  breaking-point  should  be  established.  I  was  forcibly  reminded 
of  this  a  short  time  ago,  by  seeing  a  Itirge  crusher,  the  jaw  of  which 
— a  piece  weighing  surely  not  less  than  8000  to  12,000  pounds — had 
been  broken  twice.     The  area  of  the  fracture  must  have  been  nearly 
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300  square  inches.  The  metal  was  evidently  of  good  quality,  but 
this  expensive  and  ponderous  casting  was  clearly  the  breaking-point 
in  this  crusher,  which  should  have  been  so  proportioned  as  to  break 
in  a  cheaper  place. 

In  some  types  of  crushers  the  problems  above  referred  to  have 
been  solved  in  a  very  satisfactory  manner.  The  ends  of  the  toggles, 
as  well  as  the  bearings  on  which  they  rest,  are  made  corrugated,  so 
so  as  to  be  exposed  to  rolling  friction  only.  The  bearings  are  formed 
of  loose  steel  blocks,  resting  in  recesses  cast  in  the  jaw,  pitman  and 
frame.  The  bolts  holding  the  cap  of  the  pitman  are  selected  for 
breaking-points. 

The  swinging-jaw  of  a  crusher  may  either  be  oscillated  around 
a  point  above  the  crushing-face,  as  in  the  original  Blake  crusher,  or 
below  the  same,  as  in  Krom's  design;  or,  it  may  receive  a  parallel 
motion,  as  is  the  case  in  the  Buchanan  machine.  There  are,  also, 
more  complicated  arrangements  for  working  this  jaw,  as  in  the 
Brennan  crusher,  where  one  jaw  practically  works  a  second  one 
placed  in  front  of  the  first,  or,  as  in  the  Rockaway  crusher,  where 
both  jaws  are  made  movable  and  receive  a  differential  motion. 
Moreover,  a  number  of  narrow  jaws  may  be  placed  side  by  side, 
and  w<  rkid  alternately,  so  as  to  reduce  the  vibration  of  the  machine. 
There  is  little  doubt  but  that  these  crushers,  for  a  time  at  least,  give 
good  results  ;  but  they  all  suffer  from  the  vital  fault  of  complication 
and  increase  in  the  number  of  working-parts. 

If  this  is  to  be  avoided,  we  are,  therefore,  forced  back  to  the  type 
presenting  the  smallest  number  of  moving  pirts,  which  is  that  of 
the  original  Blake  crusher.  But  it  is  better  practice  to  pivot  the 
swinging-jaw  below  the  crushing-face  than  above  it  as  in  the  Blake. 
For,  at  the  upper  part  of  the  jaw  a  comparatively  small  part  of  the 
work  is  done,  since  the  points  of  contact  between  the  rock  and  the 
crushing-jaws  are  there  few,  while,  as  comminution  progresses,  the 
points  of  contact  are  multiplied,  and  the  work  is  proportionately  in- 
creased. Our  aim  should  therefore  be,  to  get  the  shortest  stroke 
and  the  greatest  leverage  at  the  lower  part  of  the  jaw  where  the  work 
is  the  heaviest.  Another  important  advantage  will  follow  the  tran.'^- 
position  of  the  swinging-center,  namely,  the  variation  of  the  opening 
at  the  bottom  of  the  crusher  will  thus  be  reduced,  and  a  more  even 
product  will  be  secured. 

The  number  of  strokes  or  revolutions  per  minute  should  be  as 
great  as  practicable.  As  many  as  375,  or  even  400,  can  readily  be 
made  by  a  10-  by  20-inch  crusher,  providing  the  oscillating  parts  arc 
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light  enough.  Eveiy  added  stroke  proportionately  increases  the 
efficiency  of  the  maciiine.  The  swinging  jaw  should  be  built  as  light 
as  is  consistent  with  safety.  It  should  l)e  made  of  steel,  and  cast 
hollow,  the  shell  being  thoroughly  braced  by  means  of  ribs,  allow- 
ing every  pound  of  metal  to  be  placed  just  where  it  will  do  the  most 
good.  The  construction  of  the  crushing- faces  has  a  great  influence 
on  the  cost  of  renewals.  Chilled  cast-iron  has  long  been  the  rule. 
Now,  bars  of  rolled  steel,  hard  and  soft,  are  substituted  in  some 
crushers,  the  bars  being  placed  edgewise  one  on  top  of  the  other.  I 
would  call  the  attention  of  crusher- manufacturers  to  Hadfield's  steel 
as  a  valuable  material  for  crushing-faces.  In  a  vibrating  machine, 
like  a  crusher,  it  is  well,  wherever  possible,  to  rely  on  wrought-metal 
for  taking  tensile  strain.  A  sectional  frame,  held  together  by  amply 
strong  bolts,  is  therefore  a  good  arrangement,  not  likely  to  give  any 
trouble.  At  the  same  time  such  a  frame  can  be  made  comparatively 
light  without  decreasing  the  efficiency  of  the  machine.  And  here, 
I  protest  against  the  method,  which  I  have  frequently  seen  employed 
by  engineers,  of  estimating  the  superiority  of  a  machine  according 
to  its  dead  weight,  regardless  of  how  this  weight  is  utilized  or  dis- 
tributed. 

Rolls,  like  crushers,  must  be  driven  at  a  good  rate  of  speed,  if 
high  efficiency  is  demanded,  since  the  capacity  is  proportional  to  the 
number  of  square  feet  of  crushing-surface  passing  the  line  of  con- 
tact in  a  unit  of  time.  A  peripheral  velocity«of  600  or  700  feet  per 
minute  is  found  to  be  entirely  practicable.  Such  a  speed,  however, 
makes  it  necessary  to  discard  the  levers  and  counter-weights  used 
on  the  original  Cornish  rolls,  and  substitute  springs,  or  eventually, 
rubber  cushions,  or  solid  breaker-blocks,  as  the  weights,  when  once 
set  in  motion,  would  never  have  time  to  regain  their  equilibrium, 
but  would  be  continually  jumping.  The  springs,  however,  should 
not  bear  on  the  main  tension-bolts,  as,  in  such  case,  considerable  force 
would  be  required  to  adjust  the  rolls.  It  is  better  to  enclose  the 
springs,  preferably  a  whole  nest  of  smaller  springs,  between  two 
washers,  and  to  draw  these  washers  so  far  together  with  special  bolts, 
that  the  whole  box  will  act  as  a  rigid,  inelastic  block,  until  the  maxi- 
mum working-pressure  is  reached,  when,  for  the  first  time,  further 
compression  of  the  springs  will  take  place,  relieving  the  rolls.  It  is 
also  important,  that  the  axle  of  the  movable  and  rigid  rolls  should 
never  become  oblique  under  any  application  of  strain.  It  is  a  good 
arrangement  to  attach  the  movable  journal-boxes  to  a  pair  of  strong 
levers,  firmly  keyed  on  to  a  heavy  shaft,  so  that  excess  of  strain  on 
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one  journal  will  cause  both  bearings  to  yield  uniformly.  As  on 
crushers,  so  on  rolls,  it  is  all  important  that  the  bearings  should  be 
large,  well  protected  from  dust,  and  perfectly  lubricated. 

The  crushing- faces,  or  tires,  of  a  set  of  rolls  require  more  atten- 
tion than  those  of  a  crusher.  The  latter,  generally  speaking,  are 
good  until  worn  through,  while  on  the  roll-tires  the  wear  must  be 
uniform,  so  that  the  rolls  remain  circular,  and  al]  pits,  grooves,  and 
depressions  in  the  faces  may  be  avoided.  A  uniformly  hard  metal, 
a  feed  that  can  be  adjusted  to  deliver  more  or  less  ore  at  any  given 
point  of  the  face,  and,  above  all,  close  and  intelligent  observation, 
are  the  best  means  for  prolonging  the  life  and  increasing  the  efficiency 
of  a  set  of  roll-tires.  Chilled-iron  tires  are  losing  ground.  In- 
equality in  depth  and  hardness  of  chill,  and  the  brittleness  of  the 
metal,  are  against  them.  Once  untrue,  a  chilled  tire  can  only  be 
"trued  up"  by  use  of  the  emory-wheel,  or  slow-cutting  tools.  The 
great  majority  of  men  engaged  in  granulating  ore,  with  whom  I  have 
discussed  this  question,  have  emphatically  expressed  themselves  in 
favor  of  rolled  or  hammered  steel  tires.  These  tires  are  costly  in 
first  outlay,  but  make  a  good  showing  for  economy  when  estimated 
according  to  the  wear  per  ton  of  ore  reduced.  To  split  a  tire  into 
two  rings  is  not  advisable,  especially  since  we  have,  of  late,  in  this 
country  mills,  which  can  roll  a  tire  16  inches  wide.  The  joint  be- 
tween the  two  rings  is  apt  to  form  a  weak  point  on  the  face,  and 
wears  faster  than  the»inner  section  of  the  tire.  If  a  steel  roll  should 
wear  out  of  round,  which  it  is  far  less  liable  to  do  than  a  chilled 
tire,  it  may  be  dressed  in  a  few  hours.  For  driving  the  rolls,  belts 
are  preferable  to  gears.  The  latter  wear  quite  rapidly,  and  allow 
no  give  or  spring  in  the  motion  of  the  rolls.  Botli  rolls  should  be 
driven  so  as  to  avoid  any  slip  of  the  material  entering  between  them, 
but  a  greater  amount  of  power  may  advantageously  be  applied  to 
the  rigid  roll.  For  feed-regulator,  the  old-fashioned  shaking  trough, 
an  overfall  pulley,  and  a  feed  paddle-wheel  carrying  the  ore  over  its 
top,  all  work  well  when  properly  set,  but  some  arrangement  by 
means  of  adjustable  scrapers  should  be  contrived  to  regulate  the  flow 
of  the  ore  at  any  given  point  of  the  face  of  the  rolls,  as  this  is  the 
most  efficient  means  to  keep  the  tires  true. 

In  the  discussion  of  crushing-plants  two  classes  of  auxiliary  ma- 
chinery, namely,  elevators  and  screens,  deserve  mention. 

Of  all  the  machinery  going  to  make  up  a  crushing-plant  tiie  ele- 
vators are  most  subject  to  wear.  Experience  has  long  condemned 
link-chains  and  screw-conveyors  as  perishable  and  therefore  worth- 
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less.  If  vertical  elevation  is  indispensable,  belts,  to  which  elevator- 
buckets  are  riveted,  answer  fairly  well ;  but  wherever  horizontal  and 
inclined  conveyor-belts,  travelling  over  concave  carrying-rollers, 
can  be  used,  they  are  no  doubt  preferable  to  any  other  contrivance 
now  employed  for  conveying  ore. 

The  variety  in  construction  of  screens  for  sizing  ore  does  credit  to 
the  inventive  genius  of  the  designers,  and  gives  a  wide  range  for  the 
selection  of  the  proper  model.  Some  points  may  be  mentioned  as 
important  in  such  selections.  The  plates  or  screening-surfaces  should 
be  exchangeable  with  a  minimum  expenditure  of  labor  and  time. 
They  should  also  be  reversible,  as  the  wear  is  invariably  greater  at 
the  end  where  the  ore  enters  the  screen.  Provision  should  be  made 
for  regulating  the  time  during  which  the  ore  remains  in  the  screen. 
Moreover,  the  plates  should  be  such,  that  they  will  not  clog  up,  but 
will  afford  escape  for  foliated  crystals  of  minerals  like  hornblende 
and  mica,  on  which  the  crushing-machinery  can  make  little  or  no 
impression. 

The  form  which,  in  my  opinion,  best  fills  the  above  requirements, 
is  a  hexagonal  prismatic  frame,  fitted  with  perforated  steel  plates, 
having  diagonal  slots.  The  plates  on  such  a  screen  can  be  removed 
without  disturbing  the  center  and,  being  rectangular,  they  can  be 
reversed.  The  time  during  which  the  ore  remains  in  the  .screen  can 
be  perfectly  controlled  by  the  variable  pitch  given  to  the  shaft, 
which  should  be  adjustable,  up  and  down.  For  very  fine  screening, 
wire  cloth  or  very  thin  plates  must  be  used.  They  may  be  conveni- 
ently fastened  with  staples  to  a  light  hard-wood  frame,  which  is 
clamped  in  turn  to  the  screen-center.  Punched  steel  plates  with  ob- 
long slots  are  preferable  to  wire  netting,  partly  on  account  of  greater 
wearing  capacity,  partly  because  they  keep  cleaner. 

An  annoying  uncertainty  exists  as  to  the  meaning  of  the  term 
mesh.  Some  engineers  signify  by  the  expression  "  10-mesh  "  screen, 
a  screen  with  openings  one-tenth  of  an  inch  square ;  others  mean  a 
screen  with  ten  wires  equally  spaced  in  the  length  of  one  inch.  No 
distinction  is  made  between  wire-screens  and  plate-screens,  or  be- 
tween round,  square  and  oblong  openings,  in  talking  about  ore 
crushed  to  a  given  mesh.  It  would  be  advantageous  if  some  standard 
could  be  adopted  to  give  a  basis  for  comparisons.  But  so  long  as 
there  is  no  fixed  standai*d,  care  should  be  taken  to  give,  in  all  de- 
scriptions, such  full  particulars  as  will  })reclude  misunderstanding  or 
uncertainty. 

At  least  as  important  as  the  selection  of  good  crushing  machinery 
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is  the  judicious  arrangement  of  the  machines  in  designing  the  plant, 
of  which  they  form  parts.  As  experience  accumulates,  we  can  look 
forward  to  far  better  and  simpler  arrangements,  than  we  now  have ; 
but,  new  as  is  the  business,  some  general  principles  have  demon- 
strated themselves  for  our  guidance. 

All  working  machines  should  be  placed  on  solid  foundations  and 
under  no  circumstances  should  they  be,  as  I  have  in  some  places 
found  them,  bolted  to  the  upper  floors  of  a  shaky  frame  structure. 

The  shafting  and  transmissions  should  be  reduced  to  a  minimum. 
One  line  of  shafting,  if  well  placed,  will  suffice  for  driving  a  very 
large  plant. 

If  great  output  is  aimed  at,  the  plant  should  be  built  in  independ- 
ent sections,  as  small  as  the  capacity  of  machines  of  practical  work- 
ing size  will  justify.  Because  our  first-crusher  may  have  a  capacity 
of  30  to  40  tons  per  hour,  it  is  not  expedient  to  place,  dependent  on 
this  and  on  each  other,  a  long  string  of  subsequent  machines,  the  col- 
lapse of  any  one  of  which  will  paralyze  the  whole  plant.  It  is  better 
to  provide  an  additional  first-crusher  and  divide  the  plant  into  two 
independent  lines.  Each  individual  machine  may  not  by  this 
arrangement  be  worked  to  its  full  capacity,  but  at  the  end  of  a  year 
the  output  of  the  plant  will  be  found  far  greater. 

Bucket-elevators  should  be  avoided,  at  all  events  until  behind  the 
first  rolls,  but  preferably  altogether.  Screening-surfaces  should  be 
of  ample,  in  fact,  excessive  size. 

Where  ore  is  carried  by  gravity  down  chutes  or  slopes,  it  should 
be  made  to  wear  on  itself.  No  metal,  however  hard,  will  long  resist 
the  impact  of  the  small  particles  of  ore  which  act  not  by  heavy  blows, 
but  by  continuous  abrasion. 

Instead  of  making  inclined  planes  of  metal,  it  is  therefore  better 
to  construct  a  succession  of  pockets  or  steps,  which  quickly  fill  them- 
selves with  ore,  and  keep  filled  up,  making  their  own  repairs  without 
any  care,  expense  or  delay. 


GBUSBINO  IRON- Off ES  WITH  THE  STUBTEYANT  MILL 
FOB  CONCENTRATION. 

(In  Discussion  of  the  Papers  of  W.  H.  Hoffman,  read  at  the  Glen  Summit  Meeting,  October, 
1891,  Trans.,  xx.,  602,  and  the  Baltimore  Meeting,  February,  1892,  ante,  p.  126.) 

BY  S.    R.    KROM,    NEW  YORK   CITY. 
(Lake  Champlaln,  Plattsburgh ,  Meeting,  June,  1892.) 

In  Mr.  Hoffman's  papers,  and  in  the  discussions  attending  them, 
the  claim  is  apparently  made  for  the  Sturtevant  mill  that  it  produces 
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almost  perfect  granulation  as  the  result  of  attrition,  and  that  its 
capacity  is  very  large  for  the  power  consumed.  As  to  the  latter 
point,  the  report  which  he  gives  of  the  work  of  the  machine  on 
"  well-roasted  ore  "  can  scarcely  be  accepted  as  a  measure  of  its 
eflSciency  and  economy,  because  "  well-roasted  ore  "  is  not  the  desig- 
nation of  a  substance  offering  a  definite  and  uniform  resistance  to 
crushing.  Now  that  Mr.  Hoffman,  as  he  says  in  his  latest  paper, 
is  going  to  be  obliged  to  drive  out,  by  roasting,  a  much  larger  per- 
centage of  sulphur  than  formerly,  he  may  expect  the  Sturtevant  mill, 
or  any  other  apparatus,  to  crush  more  well-roasted  ore  than  ever. 
Upon  such  data,  however,  it  is  impossible  to  make  trustworthy 
comparisons. 

The  Sturtevant  mill  grinds  by  attrition,  as  Mr.  Hoffman  correctly 
states.  That  fact  being  admitted,  no  argument  is  necessary  to  prove 
that  this  apparatus  cannot  give  the  best  results  in  granulating  ores, 
or  reduce  them  with  the  least  amount  of  power  and  wear.  For,  if 
such  a  proposition  were  true,  it  would  follow  that  a  load  could  be 
dragged  with  less  power  than  is  required  to  carry  it  on  wheels,  and 
that  grinding  wears  the  parts  less  than  crushing. 

Whoever  requires  proof  that  attrition  will  not  give  as  good  results 
as  crushing,  has  only  to  examine  the  produc^t  of  the  Sturtevant  mill. 
It  yields,  chiefly,  round  smooth  pieces  (the  necessary  result  of  attri- 
tion and  grinding);  and  the  returns  from  the  screens  are  all  more  or 
less  rounded  grains. 

It  seems  remarkable  that  Mr.  Hoffman,  after  declaring  that  "  the 
particles  of  ore  must  be  nearly  regular  cubes,  in  order  to  present 
them  in  proper  form  to  the  influence  of  the  magnetic  field,"  should 
endorse,  as  the  best  for  this  purpose,  an  attrition-mill  which  must,  in 
its  operation,  j-ub  off  the  corners  of  the  individual  particles.  It  is 
well  established  that,  for  the  granulating  (as  distinguished  from  fine 
pulverizing)  of  ores,  there  are  no  machines  equal  to  crushers  and 
rollers. 

As  to  the  question  of  wear,  Mr.  Hoffman  states,  with  reference  to 
a  20-inch  Sturtevant  mill,  that  one  set  of  bushings  will  grind  from 
4000  to  6000  tons  of  roasted  ore,  the  cost  of  such  a  set  being  $.32, 
while  the  screen-blocks  for  the  same  amount  of  ore  cost  $9,  a  total 
of  $41.  As  to  power,  he  says  that  for  the  capacity  of  22  tons  per 
hour  a  20-inch  Sturtevant  mill  requires  94  horse-power,  this  being 
the  amount  for  the  mill  alone,  and  not  for  the  entire  plant. 

A  statement  furnished  me  of  the  performance  of  a  20-inch  Stur- 
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tevant  mill  crushing  20  tons  per  hour  of  Port  Henry  ore  to  the  size 

of  ^-inch  diameter,  is  as  follows : 

Horse-power. 

Sturtevant  mill  alone, ^^^ 

Shafting, 37 

Crusher,       .         .         .  ' 25 

Elevator  (my  own  estimate), 10 

Total, .      187 

This  ore  is  of  the  very  best  character  for  granulating  with  the 
least  power,  wear  and  dust. 

As  to  wear,  for  each  600  tons  of  Port  Henry  ore  crushed  to  i-inch 
size,  one  set  of  bushings  and  screen-blocks  are  worn  out,  weighing 
1000  pounds.  If  we  estimate  these  bushings  and  screen-blocks  de- 
livered at  the  mill  at  4 J  cents  per  pound,  we  get  S45  as  the  cost  of 
bushings  and  screen-blocks  for  each  600  tons.  This  amounts  alone 
to  over  7  cents  per  ton  for  bushings  and  screen-blocks,  to  which  must 
be  added  the  excess  of  power  required  over  what  is  necessary  for  a 
roller-plant,  and  the  great  destruction  and  wear  of  all  parts  of  the 
machinery  and  b  -Iting  due  to  the  high  speed  required  for  the  Stur- 
tevant mill. 

The  crushing-plant  of  the  New  Jersey  Zinc  and  Iron  Company, 
at  Newark,  New  Jersey,  consists  of  one  11  by  20-inch  and  one  5  by 
20-inch  crusher,  and  one  set  of  30-inch  rollers.  This  plant,  when 
crushing  at  the  rate  of  15  tons  per  hour,  including  the  hoisting  of 
the  ore,  requires  not  more  than  65  horse-power  for  the  entire  mill, 
reducing  the  ore  to  |-inch  diameter. 

The  wear  on  the  tires  of  the  30-inch  rollers  has  been  |-inch  for 
20,000  tons.  At  this  rate,  one  set  of  tires  will  last  to  crush  about 
60,000  tons  of  hard  franklinite  and  zinc  ores.  The  cost  in  wear  at 
this  rate  would  be  J  cent  per  ton  ;  the  power  about  onfe-third  of  that 
required  for  a  Sturtevant-mill  plant,  and  no  excess  of  wear  due  to 
high  speed. 

The  wear  on  the  crushers,  to  crush  the  same  amount  of  ore  (20,000 
tons)  has  been  very  slight,  as  the  faces  are  made  of  very  hard  steel. 

Tests  for  Gh^anulation  and  Dust. — I  have  made  a  test  as  to  the 
relative  quantity  of  dust  produced  by  a  20-inch  Sturtevant  mill,  and 
by  rolls  from  the  same  (Port  Henry)  ore,  with  the  following  re- 
sults: 

Sturtevant  Mill. 

Sample  of  Port  Henry  ore,  ground  in  a  Sturtevant  mill  to  pass 
a  ten-mesh  screen  (2V-'nch  diameter  hole)  gave  the  following: 
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Per  cent. 

From  10-mesh  to  100-mesh, 86|^  granular. 

Through  100-mesh 13f  dust, 

(Ground  to  pass  a  16-mesh  screen  5'5-inch  diameter  hole)  : 

From  16-mesh  to  100-mesh, 82^  granular. 

Through  100-mesh, 17^  dust. 

The  percentage  of  dust  in  this  sample  is  evidently  too  low.  No 
doubt  some  of  the  dust  had  been  removed  by  means  of  an  exhaust- 
fan. 

Crushing  with  Rolls. 

Sample  crushed  to  pass  a  10-mesh  screen  gave : 

Per  cent. 

From  10-mesh  to  100-mesh, 96}  granular. 

Through  100-mesh, 3f  dust. 

(Crushed  to  pass  a  16-mesh  screen,  this  sample  gave) : 

From  16-mesh  to  100-mesh, 93|  granular. 

Through  100-mesh, 6^  dust. 

Notwithstanding  the  probable  diminution  by  the  use  of  an 
exhaust-fan  of  the  dust  remaining  in  the  sample  of  ore,  as  received 
after  treatment  in  the  Sturtevant  mill,  the  excess  of  that  constituent 
of  the  mass  is  clear  from  the  above  statement,  which  simply  cor- 
roborates the  well-known  and  universal  experience,  that  grinding 
by  attrition  produces  more  dust  than  crushing  with  a  system  of  rolls. 
I  think  it  should  be  conceded  that  this  feature  alone,  apart  from  the 
additional  considerations  of  increased  wear  and  power  due  to  the 
process  of  attrition,  and  to  the  high  speed  necessarily  maintained,  is 
fatal  to  the  claims  of  the  Sturtevant  mill  as  the  most  suitable,  effec- 
tive, and  economical  apparatus  for  the  particular  purpose  here  in 
question. 


DISCUSSION  ON  TEE  GBUSHINQ   OF  IBON-OBE  FOB  MAG- 
NETIC SEPABATION. 

(Lake  Champlain,  Plattsburgh,  Meeting,  June,  1892.) 

[Note. — The  paper  of  Mr.  W.  H.  Hoffman  (Glen  Summit,  Oc- 
tober, 1891  ;  Trans,  xx.,  602),  on  "Practical  Eesults  in  the  Magnetic 
Concentration  of  Iron-ore,"  together  with  a  paper  by  the  same  au- 
thor (Baltimore,  February,  1892;  Trans,  xxi.,  126),  on  "  Granula- 
ting Magnetic  Iron-Ores  with  the  Sturtevant  Mill  atCroton  Magnetic 
Iron-Mines,  N.  Y.,"  and  also  the  papers  presented  at  this  meeting, 
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by  Mr.  Axel  Sahlin,  on  "The  Granulation  of  Iron-Ore  by  Means 
of  Crushers  and  Rolls"  {cmte,  p.  521),  by  Mr.  Stephen  R.  Krom,  on 
"  Crushing  Iron-Ores  with  the  Sturtevant  Mill  for  Concentration  " 
{ante,  p.  530),  and  by  Mr.  C.  M.  Ball,  on  "  The  Cumraings  Ore- 
Granulating  Mill"  {ante,  p.  516),  are  to  be  considered  as  belonging 
to  this  discussion,  of  which  Mr.  Hoffman's  papers,  presented  at 
previous  meetings,  may  be  said  to  have  been  the  text.] 

W.  H.  Hoffman,  Brewster,  N.  Y. :  With  regard  to  the  state- 
ment in  Mr.  Sahlin's  paper  as  to  our  granulation  at  the  Croton 
Magnetic  iron-mine,  I  wish  to  remind  him  that  our  ore  was  roasted, 
and  that  in  our  experiments  we  ground  anywhere  from  seventeen  to 
twenty  tons  of  the  raio  ore  taken  from  the  upper  workings.  If 
taken  from  the  inner  workings  it  would  run  as  low  as  sixteen  tons. 

The  Sturtevant  mill  was  tested  by  me  at  Glens  Falls  six  years 
ago,  and  I  then  reported  to  Mr.  Moffat,  the  general  superintendent 
of  the  Lackawanna  Iron  and  Coal  Company,  that,  as  a  granulator, 
the  machine  was  the  best  I  had  ever  seen.  At  that  time  I  had  not 
made  any  experiments  as  to  its  wear  and  tear  ;  but  afterwards  I  did 
so.  As  to  our  experience  with  rolls,  we  had  rolls  of  what  I  con- 
sider the  best  type,  namely,  a  set  of  Mr.  Krom's  and  a  set  of  Mr, 
Buchanan's  ;  but  we  found  that  the  "  fines  "  they  gave  us  were  in- 
creased rather  than  diminished,  as  compared  with  the  Sturtevant 
mill.  The  reason  was  that  we  could  never  keep  those  rolls  uniformly 
distant,  we  could  not  always  have  the  same  surface  at  the  edges  and 
at  the  centers.  Consequently,  large  pieces  would  fall  through, 
which  would  be  rejected,  and  go  back  again  ;  and  by  the  repeated 
passage  of  such  pieces  extra  dust  was  formed  ;  whereas  the  Sturtevant 
mill  passed  the  ore  through  so  quicUy  that  we  did  not  find,  in  screen- 
ing, the  same  amount  of  fines  per  ton  as  when  using  the  crusher  and 
rolls.  We  found  that  the  Blake  crusher  would  make  from  20  to  25 
per  cent,  of  fines,  passing  through  a  ten-mesh  screen,  and  some  of  it 
finer.  I  iiave  here  samples  of  ore,  taken  at  the  Clover  Hill  mine, 
on  Saturday  last,  one  from  the  hopper,  and  the  other  from  the  tail- 
ings. I  do  not  find  any  round  particles  in  them.  They  are,  of 
course,  not  perfect  cubes,  but  they  all  have  sharp  corners. 

As  to  power,  some  expert  reports  will  be  given  by  Mr.  Huxley, 
At  the  Clover  Hill  they  crowded  the  mill  one  day  last  week  until  it 
ran  up  to  over  80  horse-power,  and  at  that  time  they  were  grinding 
21  tons  of  raw  ore  per  hour  with  the  machine;  and  they  ground 
last  Wednesday  in  five  hours  101  tons. 

The  statement  that  Mr.  Krom  makes  with  regard  to  attrition,  I 
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think  hardly  covers  the  ground.  He  says  that  the  rolls  carry  the 
ore  on  wheels.  I  have  never  seen  any  rolls  yet  that  will  carry  the 
ore  around  on  the  wheels.  It  is  generally  broken  by  concussion. 
When  we  h^ve  found  the  ore  being  carried  around  on  the  wheels  we 
have  found  that  the  rolls  were  being  worn  away  very  rapidly ;  and 
we  always  try  to  prevent  that  as  much  as  possible.  Our  rolls  were 
set  up  to  about  35  tons  pressure  ;  and  even  then  we  found  the  diffi- 
culty I  have  mentioned,  that  they  allowed  pieces  to  fall  through,  to 
be  rejected  and  to  come  back  again. 

We  have  found  the  wear  of  the  Sturtevant  mill  to  be  greatly  in- 
creased when  the  mill  was  not  kept  clean  from  dust.  At  Little 
River  I  do  not  think  they  ever  raised  the  question  about  wear  and 
tear.  They  never  had  a  blower  in  the  mill  under  a  pressure  amount- 
ing to  half  an  inch  of  water ;  whereas,  the  mills  at  the  Croton  mine 
had  three  inches,  and  the  one  at  Clover  Hill  had  three  and  three- 
quarter  inches  of  water-pressure  ;  so  that  the  mill  is  kept  absolutely 
free  from  fine  dust  and  sand  from  the  gangue,  that  would  wear  the 
parts  uselessly.  All  such  material  is  forced  out  of  the  machine  by 
the  blast. 

There  is  nothing  to  prevent  the  mill  from  grinding  and  cutting 
itself  on  the  edge,  if  the  fines  are  allowed  to  remain  between  the 
collars  and  bushing.  If  they  are  taken  out  there  is  nothing  there 
that  will  grind.  Then  the  most  wear  is  on  the  inside  of  the  bush- 
ing. 

]  have  understood  that  there  was  some  vibration  at  the  mill  at 
Port  Henry,  I  examined  it  to-day  and  found  that  it  was  being 
driven  from  the  top,  whereas  it  should  be  driven  from  the  bottom, 
of  the  pulley.  The  pull  of  the  belt  is,  therefore,  twenty-six  inches 
higher  than  it  ought  to  be.  I  am  free  to  say  that  half  of  the  vibra- 
tion could  be  reduced  if  that  change  were  made. 

There  are  many  things  about  the  erection  of  the  Sturtevant  mill 
which  are  perhaps  not  thought  of  at  first,  but  which  may  make  a 
great  difference  in  the  running  of  the  machine.  I  do  not  appear  as 
a  champion  of  that  machine  ;  but  I  do  say,  and  insist,  that  at  the 
Croton  mine  we  have  been  able  to  grind  650  tons  of  ore  in  twenty 
hours,  which  we  could  not  have  done  with  our  boilers  and  engines, 
if  we  had  not  adopted  the  Sturtevant  mill. 

E.  C.  Huxley,  Boston,  Mass.  :  I  cannot  adopt  as  my  own  the 
statement  made  by  Mr.  Sahlin  in  his  interesting  paper  on  this  sub- 
ject, that  he  has  no  business  interest  in  it ;  for  I  must  confess 
frankly  that  I  have  such  an  interest,  disposing  me  unquestionably 
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to  desire  the  success  of  the  Sturtevant  mill  and  the  extension  of  the 
field  for  which  its  peculiar  merits  may  be  found  suitable.  But  I 
trust  I  am  too  good  a  business  man  to  advance  for  temporary  effect 
claims  which  cannot  be  substantiated  in  practice  ;  and,  moreover,  as 
a  member  of  the  Institute,  I  realize,  as  I  believe  my  fellow-members 
do,  that  in  entering  an  Institute  meeting,  we  leave  the  shop,  in  its 
commercial  relations,  outside,  and  confine  our  inquiries  and  our  as- 
sertions to  actual  facts.  No  doubt  the  opinions  and  expectations  of 
the  most  honorable  men  may  be  colored  by  their  wishes,  and  it  is 
right  that  every  man  should  frankly  declare,  as  I  have  done,  his 
personal  relations  to  the  subject  of  a  discussion  ;  but  I  have  the  right 
to  expect  that  I  shall  not  be  deemed,  by  reason  of  such  relations, 
capable  of  misrepresenting  facts.  However,  I  do  not  now  intend  to 
make  any  statements  on  ray  own  authority,  but  simply  to  give  the 
statements  of  others  who  have  had  practical  experience  with  the 
Sturtevant  mill.  First,  I  will  read  a  letter  recently  received  from 
Mr.  William  D.  Hoffman,  the  superintendent  of  the  Clover  Hill 
mine  at  Croton  Falls,  N.  Y.,  where  a  Sturtevant  mill,  recently 
erected,  was  started  about  two  weeks  ago.  With  reference  to  the 
power  used,  Mr.  Hoffman  says  : 

"We  tested  the  power  on  Sturtevant  mill  to-day  in  the  following  manner:  The 
entire  machinery  of  mill  was  started  and  loaded  with  ore.  The  Sturtevant  mill 
filled  as  full  as  possible  with  a  mixture  of  hard  and  soft  ore,  some  of  it  damp,  but 
the  most  of  it  well  dried.  Eight  indicator-cards  were  then  taken,  and  then  the 
Sturtevant  mill  was  thrown  out,  and  the  other  machinery  run  as  before  under  the 
same  conditions  as  to  load,  etc  Eight  cards  were  now  taken.  The  two  sets  of 
cards  being  figured  up,  their  average  difference  should  be  the  power  consumed  by 
Sturtevant  mill.  I  enclose  you  two  cards,  one  marked  '  whole  load  on,'  and  the 
other  'Sturtevant  mill  thrown  out,'  so  that  you  may  obtain  an  estimate  of  the  power 
developed  yourself. 

''  The  difference  between  these  two  powers  should  be  power  of  Sturtevant  mill. 

"The  mill  is  using  f-inch  screen-blocks,  and  runs  856  revolutions  per  minute. 
The  air-suction  amounts  to  about  Sj-  inches  of  water. 

"  Ihe  total  power  with  full  load  on  averages  147.4  horse-power. 

''  The  total  power  xvith  Sturtevant  mill  thrown  off  averages  98.4  horse-power. 

"The  result  is  therefore  49  horse-power  consumed  by  Sturtevant  mill,  grinding 
over  20  tons  of  ore  per  hour,  at  856  revolutions  per  minute.  This  may  surprise 
you,  as  it  did  me,  and  by  following  carefully  what  I  say  below,  you  will  see  how 
much  power  the  mill  consumed  when  first  started  on  hard  ore. 

"To-day  we  had  no  load  on  our  crusher,  so  we  can  call  the  power  consumed  by 
mill  when  Sturtevant  is  thrown  out  as  98  4.  (This  includes  the  big  exhauster.)  On 
the  16th  I  wrote  you  that  we  found  our  mill  took  212  horse-power,  with  all  machi- 
nery, including  Sturtevant  mill,  in  operation,  and  both  crusher  and  Sturtevant  mill 
full  of  the  hardest  kind  of  ore.  Now,  deducting  from  212  horte-power  the  98.4 
horse-power  of  machinery  without  Sturtevant  mill  and  wilhoid  load  on  crusher  gives 
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113.6  horse-power  for  Slurtevant  mill  and  crusher  under  full  load  of  hard  ore.  I 
should  say  at  least  20  horse-power  of  this  was  consumed  by  crusher-load^  leaving 
93.6  horse-power  for  Slurtevant  mill  under  extreme  conditions.  It  was  then  grind- 
ing 17  tons  per  hour,  and  was  doing  better  than  with  the  soft  clogging  ore  which 
we  are  grinding  to-day.  The  mill  and  all  other  machinery  had  scarcely  been  run 
when  we  indicated  our  212  horse-power,  and  our  engine-valves  had  not  been  prop- 
erly set.  Therefore  everything  points  towards  the  lowest  figure  as  being  the  proper 
one." 

I  was  so  much  surprised  by  Mr.  Hoffman's  report  that  I  imme- 
diately telegraphed  for  an  expert,  Mr.  George  H.  Barrus,  who  hap- 
pened to  be  in  New  York  at  the  time,  and  asked  him  to  go  there 
and  indicate  that  power.  His  report,  dated  Boston,  June  27,  1892, 
was  as  follows : 

"In  accordance  with  your  instructions  I  have  tested  the  power  used  by  the  ma- 
chinery at  the  Clover  Hill  mine.  Croton  Falls,  N.  Y.,  and  I  beg  to  report  the  results 
of  the  same  in  the  accompanying  table. 

"The  tests  were  made  by  indicating  the  engine,  which  is  a  24 by  48-inch  Harris- 
Corliss,  running  at  an  approximate  speed  of  67  revolutions  per  minute.  The 
method  pursued  was  to  indicate  first  with  simply  the  main  shafting  and  the  ex- 
hauster running,  then  successively  with  the  various  machines  in  operation,  which 
are  noted  in  the  table,  and  ascertaining  the  power  consumed  by  diiference.  Six  dia- 
grams were  taken  consecutively  on  each  test,  and  the  period  covered  by  each,  after 
the  machinery  was  in  working  operation,  was  about  8  minutes.  When  the  indi- 
vidual tests  had  been  finished,  the  machinery  was  all  set  to  work,  and  a  test  made 
with  the  whole  load  on.     Each  machine  was  tested,  both  loaded  and  unloaded. 

Letter  Horse- 

designating  Name  of  Machine  and  Character  of  Load.  Power 

test.  Consumed. 

A  Engine,  Main  Shafting  and  Exhausting  Fan,   .  79.87 

B  20-inch  Sturtevant  Mill,  Elevator,  Screens  and 

Conveyor,  unloaded,  ....  12.33 

C  20-inch  Sturtevant  Mill,  Elevator,  Screens  and 

Conveyor,  loaded  with  magnetic  iron  ore 
of  medium  hardness,  ....  56.2 

D  Hoagland  15  x  30-inch  Crusher  and  Elevator 

unloaded,  .......  7.06 

E  Hoagland  15  x  30-inch  Crusher  and  Elevator, 

loaded  with  soft  ore  in  pieces  10  inches 
cube  and  less,     ......  13. 

F  Ball  &  Norton  separator.  Rolls  and  Conveyor, 

unloaded, 6.99 

G  Ball  &  Norton  Separator,  Rolls  and  Conveyors, 

loaded,  together  with  dynamo  generating 
a  current  of  30  amperes,  voltage  85,  .  9.73 

H  All  machinery  running,  loaded,  average  power,  157.68 

All    machinery    running,     loaded,    minimum 

power, 149.44 

All    machinery     running,    loaded,    maximum 

power, 167.45 
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"  During  the  progress  of  each  individual  test  thfe  various  indicator  diagrams 
showed  fairly  constant  indications. 

"  The  total  load  on  the  engine  as  naade  up  of  the  individual  quantities  given  in 
the  above  table  when  all  the  machines  were  loaded,  amounts  to  158.8  horse-power. 
The  close  agreement  between  this  quantity  and  the  average  power  which  the  engine 
showed  when  the  full  load  was  on,  is  a  substantial  check  upon  the  results  of  the 
tests." 

These  are  facts;  aud  I  need  not  comment  upon  them.  One  thing, 
perhaps,  I  might  say  on  a  different  point.  Mr.  Sahlin  refers  in  his 
paper  to  Hadfield  steel,  which  he  recommends.  I  have  had  a  little 
experience  with  that.  I  imported  half  a  dozen  bushings  to  test  the 
Hadfield  steel,  but  found  that  they  did  not  wear  as  well  on  the  Sturte- 
vant  mill  as  the  chilled  iron.  I  am  sorry  to  say  so,  but  such  is  the 
fact.  I  have  had  some  other  experience,  with  steel  made  in  this 
country,  which  gave  much  better  results  than  the  Hadfield  steel. 

With  regard  to  the  excessive  wear  at  Port  Henry,  which  has  been 
spoken  of,  I  wish  to  say  that  it  is  mostly  due  to  the  condition  of  the 
ore — the  greater  part,  if  not  quite  the  whole,  of  which  is  wet.  The 
wet  ore  will  wear  out  these  bushings  much  faster  than  dry  ore.  But 
we  are  experimenting  now  with  regard  to  the  bushings,  and  we 
hope  ere  long  to  be  able  to  overcome  that  difficulty.  That  it  is  a  seri- 
ous one,  cannot  be  denied.  I  am  informed  that  at  the  Clover  Hill 
mine  in  running  through  1200  tons  of  that  ore,  the  wear  on  the 
bushings  was  two  and  a  half  inches.  If  they  continue  to  wear  as 
well  as  that,  one  pair  of  bushings  will  last  there,  on  raw  ore,  about 
long  enough  to  grind  5000  tons.  Those  are  the  facts  that  I  have  to 
give  you.  I  am  authorized  by  the  proprietor  as  well  as  by  the 
superintendent  of  the  Clover  Hill  mine  to  invite  members  of  the 
Institute  to  visit  their  works,  and  to  inspect  the  operation  of  the 
Sturtevant  mill,  and  of  the  other  machinery  there.  It  is  working 
very  satisfactorily.  The  proprietor  has  written  a  handsome  letter, 
acknowledging  the  almost  perfect  working  of  his  machinery. 

H.  M.  Howe,  Boston,  Mass. :  The  bushings  to  which  Mr.  Hux- 
ley has  referred,  and  which  were  made  for  him  by  Mr.  Hadfield, 
were  not  of  manganese-steel  at  all.  In  this  connection,  I  would 
deprecate  very  strongly  the  practice  of  calling  manganese-steel  "  Had- 
field steel."  Only  a  small  part  of  the  steel  which  Mr.  Hadfield 
makes  is  manganese-steel.  Manganese-steel  is  a  special  steel  of  very 
unusual  properties,  and  for  that  very  reason,  while  highly  desirable 
for  certain  specific  purposes,  is  applicable  only  within  a  comparatively 
limited  sphere.  Whether  or  not  manganese-steel  would  stand  in  the 
Sturtevant  mill  as  well  or  better  than  chilled  cast-iron,  remains  to  be 
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shown.  In  some  kinds  of  crushing-machinery  it  has  given  remark- 
able results.  It  is  decidedly,  but  by  no  means  extraordinarily,  hard 
steel.  It  is,  for  instance,  not  nearly  as  hard  as  chilled  cast-iron, 
which  is  one  of  the  hardest  substances  we  have  to  work  with.  The 
great  value  of  manganese-steel  is  its  power  of  resisting  combined 
shock  and  abrasion.  In  other  words,  it  is  extraordinarily  hard,  con- 
sidering its  toughness,  or  extraordinarily  tough,  considering  its  hard- 
ness. In  neither  hardness  or  toughness  alone  does  it  excel  all 
other  steels;  but  in  the  combination  of  these  qualities  it  does  excel 
all  other  materials,  steels  or  others,  of  any  kind,  so  far  as  I  know. 
This  combination  of  qualities  renders  it  applicable  to  the  Cyclone 
pulverizer,  in  which  abrasion,  and  at  the  same  time  violent  blows 
from  lumps  of  ore,  have  to  be  resisted.  The  same  conditions,  how- 
ever, do  not  arise  in  the  Sturtevant  mill,  in  which  abrasion  alone  is 
to  be  resisted. 

A  special  reason  why  chilled  cast-iron  stands  particularly  well  in 
the  Sturtevant  mill  is  furnished  by  the  fact  that  it  is  desirable  in  this 
mill  that  the  outside  of  the  bushings  should  be  very  much  harder 
than  the  inside.  With  chilled  cast-iron  this  is  easily  arranged,  the 
outside  being  chilled  very  hard,  while  the  inside  is  comparatively 
soft.     With  manganese-steel  this  is  not  so  readily  effected. 

Mr.  Hoffman  :  We  have  experimented  enough  to  satisfy  me  that 
there  are  about  four  or  five  grades  of  chilled  iron  castings  sold.  I 
think  Dr.  Dudley  will  bear  me  out  in  that  statement.  I  never  saw 
such  variations  in  any  other  class  of  castings  as  in  chilled  castings. 
Not  until  I  was  willing  to  pay  four  or  five  cents  per  pound  did  I  get 
what  I  wanted  ;  and  then  I  told  the  man  who  made  the  castings 
where  to  get  the  iron ;  and  I  told  him  to  pay  $28  for  it,  if  it  could 
not  be  bought  for  $22.  It  was  a  No.  4J  iron  which  was  chilled 
^f-inch  in  the  pig.  From  that  material  we  got  a  bushing  which 
would  last ;  but  the  ordinary  article  sold  as  chilled  iron  was  of  poor 
quality  for  our  purpose. 

In  connection  with  what  has  been  said  concerning  the  advantage 
of  treating  dry  ore,  the  subject  of  cheap  and  rapid  drying  is  im- 
portant, and,  without  going  iuto  details  at  this  time,  I  may  observe 
that  we  have  at  the  Clover  Hill  mine  a  dryer  which  operates  with 
extraordinary  rapidity,  and  which  members  are  invited  to  inspect. 
The  original  machine  was  designed  by  Mr.  Krom,  but  it  has  been 
radically  changed,  and,  as  we  think,  improved. 

E..  W.  Raymond,  New  York  City :  The  remarks  of  Mr.  Howe 
as  to  the  value  of  simple  hardness  in  the  material  of  a  crusher,  re- 
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mind  me  that  some  twenty-six  years  ago,  when  the  whole  subject  of 
modern  crushing  machinery  was  comparatively  new,  I  encountered 
in  the  mountains  of  California,  on  one  of  my  annual  tours  as  United 
States  Mining  Commissioner,  a  mining  superintendent  using  a 
Blake  or  Dodge  crusher,  in  which  he  had  substituted  for  the  corru- 
gated chilled-iron  upon  the  jaws  plain  blocks,  not  corrugated,  of  the 
softest  wrought-iron  he  could  get.  His  immediate  reason  was  the 
fact  that,  in  his  isolated  locality,  he  could  not  easily  renew  the  cor- 
rugated castings.  But  he  claimed  that,  in  crushing  the  quartz  of  his 
mine,  the  soft  wrought-iron  actually  lasted  longer,  wore  more  regu- 
larly and  did  more  uniform  work  than  the  corrugated  castings.  I 
cannot  now  say  how  much  work  his  machine  was  doing,  or  how 
long  a  test  the  wrought-iron  had  undergone  when  I  saw  it.  As  it 
was  only  breaking  ore  which  was  to  be  further  crushed  in  a  stamp- 
mill,  I  presume  the  amount  of  fines  produced  or  of  larger  pieces  al- 
lowed to  pass  was  not  of  great  importance.  But  I  remember 
that  the  plane  surfaces  of  the  soft  iron  dies  scarcely  seemed  to  be 
wearing  away  at  all.  They  caught  the  pieces  of  quartz  and 
were  scratched,  nicked  and  indented,  back  and  forward,  almost  as 
a  surface  of  lead  might  be,  without  losing  the  general  plane  of 
their  surface,  or  being  rapidly  worn  away  by  the  actual  tearing-off 
of  material.  I  am  convinced  that  if  this  instance  really  indicated, 
as  a  general  rule,  that  toughness  without  great  hardness  is  best 
adapted  to  such  uses,  our  vigilant  engineers  and  manufacturers 
would  have  found  out  that  fact  before  now.  In  fact,  I  have  an 
impression  that  my  friend,  Mr.  Theodore  A.  Blake,  the  present 
representative  of  that  classic  machine,  the  Blake  crusher,  has  satis- 
fied himself  of  the  general  inferiority  of  soft  wrought-iron  for  the 
purposes  here  in  question.  Nevertheless,  I  have  often  recalled  that 
old  incident,  and  wondered,  as  I  do  still,  whether  there  might  not  be, 
instead  of  a  summary  decision  in  favor  of  the  harder  material,  a 
sphere  for  each,  dependent  upon  the  specific  requirements  made  by 
the  work  upon  toughness  and  hardness  relatively. 

A  Member  :  Dr.  Dudley  has  shown,  for  rails  at  least,  that  hardness 
is  not  the  quality  increasing  wear. 

Mr.  C.  G.  Buchanan,  New  York  City  :  I  have  made  Dodge 
crushers  with  very  soft  plates  ;  and  they  have  worn  in  the  way  Dr. 
Raymond  has  described.  We  are  making  also  crushing-rolls  of 
similar  material.  There  is  a  set  of  such  rolls  now  at  Port  Henry, 
which  has  crushed  almost  150,000  tons  of  ore;  and  the  original 
shells  are  still  on  the  rolls. 
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Mr.  Hoffman  (in  continuation  of  the  discussion,  at  a  subsequent 
session) :  I  desire  to  correct  a  statement  in  Mr.  Sahlin's  paper,  in 
which  he  says  : 

''  We  have  learned  from  Mr.  Hoffman's  paper  how  the  Sturtevant  mill  at  the 
Croton  mines  crushed  a  wonderful  quantity  of  ore  at  a  cost  of  22  cents  per  ton." 

In  the  paper  referred  to,  presented  at  the  Glen  Summit  meeting 
[Trans,  xx.,  602),  I  stated  that  the  "preparation  and  screening"  cost 
22  cents  per  ton.  That  was  the  cost  of  the  manipulation  of  the  ore 
from  the  time  it  left  our  roasters,  passing  through  the  Sturtevant 
mill  to  the  elevator,  and  from  the  elevator  to  the  screen  directly  over 
the  separators.  It  would  be  unfair  to  charge  all  of  that  expense  to 
the  Sturtevant  mill.  Like  Mr.  Sahlin,  I  have  no  business  interest 
in  any  machine  for  the  granulation  or  crushing  of  ore.  I  am 
using  them  all  the  time,  and  am  trying  to  find  out  the  best.  As 
to  the  speed  of  crushers,  mentioned  by  Mr.  Sahlin,  I  would  say  that 
I  made  some  experiments  at  the  Croton  mine  in  that  direction^  on 
machines  built  by  Mr.  Theodore  A.  Blake,  who  is  present.  The 
machines  were  somewhat  larger  than  those  now  at  the  works  of  Mr. 
Inman's  company,  at  Lyon  Mountain.  They  were  built  for  granu- 
lating and  intended  to  granulate  to  about  10-mesh.  The  set  that  we 
used  to  granulate  ore  to  a  quarter-inch  mesh  worked  very  perfectly, 
and  quite  rapidly.  It  was  only  in  the  fine  granulation  that  we  found 
difficulty.  We  found  that  with  the  10-mesh  the  delivery  M'as  too 
small ;  their  capacity  was  not  great  enough  to  keep  up  with  the 
other  parts  of  the  set. 

In  this  discussion  I  hope  that  none  of  the  members  will  forget 
that  the  plant  of  the  Chateaugay  Co.,  which  we  visited  to-day,  is 
the  pioneer  in  concentration,  though  its  early  work  and  main  method 
did  not  involve  magnetic  concentration.  Mr.  Inman  led  the  way  in 
making  a  product  that  could  be  put  on  the  market ;  and  he  has 
made  more  concentrates  than  all  the  rest  of  us  put  together.  His 
ore  was  granulated,  and  the  initial  crushing  was  done  mostly  by  the 
Blake  machines;  and  in  the  discussion  of  this  topic  I  think  it  is 
fair  that  his  granulating  machines  should  receive  due  notice  and 
credit. 

The  experiments  with  crushers  at  the  Croton  mines  taught  us  that 
in  running  these  machines  rapidly,  to  crush  faster,  we  might  (and  in 
several  instances  we  did)  break  the  jaws.  This  occurred,  not  on  the 
granulator,  but  on  the  larger  machine.  I  judge  from  some  pieces  I 
saw  at  Lyon  Mountain  to-day  that  they  have  been  through  the  same 
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experience.  The  speed  of  our  machine  was  reduced,  and  we  very- 
soon  got  rid  of  that  difficulty. 

As  to  the  material  for  the  rolls,  we  experimented  in  many  ways, 
and  we  adopted  a  soft  steel  shell,  which  would  become  imbedded 
with  hard  particles,  and  thereby  save  the  roller  shell  very  materially. 

Mr.  Raymond:  I  would  call  attention  to  a  matter  considered  in 
Mr.  Sahlin's  paper,  and  impressed  upon  me  as  a  matter  of  considera- 
ble importance  during  our  inspection  of  the  plant  of  Messrs.  With- 
erbee,  Sherman  &  Co.  I  refer  to  the  arrangement  of  elevators  and 
conveyors,  and  to  the  use  of  belts  which  Mr.  Sahlin  has  mentioned. 
In  that  connection,  I  have  been  considerably  interested,  not  only  in 
the  results,  but  in  the  method  adopted  to  attain  these  results,  by  Mr. 
Thomas  Robins,  Jr.,  an  associate  of  the  Institute,  and  manufacturer 
of  rubber  belts  for  magnetic-concentration  conveyors,  who  has  fur- 
nished to  Mr.  Edison,  I  believe,  such  belts,  up  to  the  width  of  some 
seven  feet.  Mr.  Robins  conceived  the  idea  of  forming  the  upper 
surface  of  his  rubber  belts  with  some  composition  which  would  have 
a  maximum  durability  against  the  abrasion  which  Mr.  Sahlin  has  so 
justly  emphasized,  and,  in  order  to  select  the  best  composition  for 
this  purpose,  he  employed  the  principle  that  Dr.  Dudley  mentions 
in  his  paper  on  specifications,  namely,  substitution  for  actual  wear  in 
practice  through  long  periods  of  time,  some  quick  test,  indicating  with 
sufficient  accuracy  what  would  be  the  result  of  the  actual  wear.  For 
this  purpose,  he  submitted  different  compounds  of  rubber,  with  which 
he  proposed  to  coat  the  upper  side  of  his  belts,  to  the  action  of  the 
sandblast,  and,  through  the  application  of  this  test  to  a  large  number  of 
different  compositions,  he  finally  hit  upon  one  which,  while  still 
suitable  in  other  respects,  gave  him  extraordinary  results  as  to  dura- 
bility under  abrasion.  It  is  my  impression  that  his  expectations 
have  been  confirmed  by  the  behavior  in  actual  use  of  the  belts  cov- 
ered on  the  carrying-side  with  this  elastic  compound.  But  I  am  not 
prepared  to  give  details  in  that  respect.  They  can  doubtless  be  ob- 
tained from  Mr.  Robins. 

Mr.  Buchanan  :  Mr.  Krom  presents  in  his  paper  a  statement  of 
the  power  consumed  by  a  20-inch  Sturtevant  mill,  crushing  Port 
Henry  ore.  I  do  not  know  where  he  got  that  statement,  but, 
assuming  it  to  refer  to  the  Port  Henry  mill,  it  may  be  compared 
with  the  evidence  of  indicator-cards,  taken  out  of  that  mill  by  myself. 
Mr.  Krom's  statement  as  compared  with  my  observations  may  be 
tabulated  as  follows  : 
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Horse-powers  consumed. 

Krom.  Buchanan. 

Friction  of  shafting, 37  21 

Crusher,        .         v 25  18 

Elevators, 10?  10? 

Leaving  for  Sturtevant  raill,         ....       115  138 

Total, 187  187 

I  accept  in  this  comparison  the  estimate  of  Mr.  Krom  for  the  ele- 
vators, though  I  think  it  probably  excessive.  As  to  the  total  power, 
the  average  of  anumber  of  cards  would  run,  as  Mr.  Krom  states,  about 
187.  Some  of  the  cards  indicated  as  much  as  206  ;  and  the  lowest 
we  had  for  the  Sturtevant  mill,  running  alone,  was  112. 

With  regard  to  rolls,  Mr.  Krom  gives  65  horse-power  as  the  maxi- 
mum amount  consumed  by  a  pair  of  rolls,  including  some  power 
expended  in  hoisting.  But  that  statement,  referring  to  another  plant 
and  other  conditions,  is  not  suitable  for  direct  comparison.  The  old 
roller- plant  at  Port  Henry  required  (for  a  capacity  about  the  same  as 
that  of  the  Sturtevant  mill),  75  to  80  horse-power.  With  respect  to 
dust,  my  observation  is  that  there  was  less  of  it  from  the  rolls  than 
from  the  Sturtevant. 

The  first  mill  (rolls)  was  operated  with  one  boiler,  rated  at  100 
horse-power  and  a  steam-pressure  of  60  pounds.  After  the  addition 
of  the  other  side  (Sturtevant)  the  operation  of  both  sides  required 
two  additional  boilers,  making  a  battery  of  three,  and  a  pressure  of 
90  pounds. 

Mr.  Huxley  :  W^hen  learned  doctors  disagree  who  shall  decide  ? 
Mr.  Buchanan  has  given  the  power  that  he  took  at  Port  Henry.  I 
have  with  me  a  copy  of  a  letter  written  by  Mr.  Hammet  of  New 
York,  who  was  sent  to  Port  Henry  for  the  special  purpose  of  indi- 
cating the  power  on  the  machinery  there.     It  reads  as  follows : 

"The  writer  finds  that  on  figuring  out  6  sets  of  cards  on  the  pair  of  15  by  24-inch 
engines,  they  show  the  results  given  below.  In  each  test-card,  taken  from  each  end 
of  the  cylinder,  he  finds  the  average  power  for  cards  taken  at  2  P.M.  amounts  to  169. 
At  2.20  P.M.  it  amounted  to  153.     At  2.30  p.m.  it  amounted  to  124. 

That  is  for  all  the  machinery,  including  the  large  crusher. 

"The  metliod  of  taking  the  test  was  to  take  4  cards  every  10  minutes,  irrespective 
of  whether  the  engine  was  heavily  loaded  or  not.  I  think  that  under  the  circum- 
stances this  method  of  making  the  test  was  the  only  proper  one  for  all  concerned. 
From  my  observations  I  am  fully  satisfied  that  a  biased  expert  could  show  a  diflfer- 
ence  of  50  per  cent,  in  the  amount  of  power  the  pulverizer  consumes." 
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Mr.  Buchanan:  I  have  seen  all  of  Mr.  Hammet's  cards,  and 
their  general  average  was  higher  than  mine.  My  highest  card  was 
206,  and  his  highest  210,  at  a  time  when  the  crusher  was  not  run- 
ning. 

Mr.  Huxley  :    Concerning  that  210  card,  Mr.  Hammet  says  : 

"  The  largest  average  horse-power  that  we  succeeded  in  getting  during  the  test 
was  177,  but  some  preliminary  cards  that  were  taken  during  the  morning,  and  when 
the  mill  was  being  thrown  on  and  off,  figured  up  210.  However,  from  my  observa- 
tions, I  do  not  think  these  cards  should  be  taken  into  consideration." 

As  to  friction,  which  Mr.  Buchanan  puts  at  21  horse-power,  Mr. 
Hammet  says : 

"  The  friction-cards  with  the  shafting  alone,  each  showed  an  average  of  37.9 
horse-power,  with  one  exception,  when  it  showed  46.79  ;  and  I  think  that  the  proba- 
bility is,  that  if  that  set  of  cards  was  taken,  something  else  must  have  been  thrown 
on." 

It  is  proper  in  this  connection  to  remark  again  that  the  wet  con- 
dition of  the  average  ore  at  Port  Henry,  and  the  large  proportion  of 
fines,  materially  increased  the  amount  of  power  consumed  over  that 
on  dry  lump-ore. 

Mr.  Buchanan  :  With  regard  to  the  difference  between  Mr. 
Hammet's  observations  as  to  the  friction  of  the  shafting  I  have  talked 
with  him,  and  it  is  evident  to  me  that  he  includes  the  friction  of  the 
machine  itself,  running  empty.  If  that  is  a  correct  inference,  then 
it  takes  at  least  15  horse-power  to  run  the  Sturtevant  mill  empty. 

William  Kent,  New  York  City  :  I  think  we  must  accept  as 
true  in  this  case  the  figures  that  are  presented  on  both  sides,  and  en- 
deavor to  find  some  reasonable  explanation  of  the  discrepancies. 
The  explanation  I  would  suggest  is  the  general  tendency  of  all  ma- 
chinery to  give  different  results  under  different  circumstances.  I 
believe  that  if  we  take  a  Sturtevant  mill,  well  equipped  with  engines 
and  belts,  and  running  on  a  certain  kind  of  ore,  we  will  be  ab'e  to 
vary  the  efficiency  of  that  plant  as  much  as  50  per  cent,  simply  by 
slight  changes  of  velocity,  speed  of  revolution,  speed  of  feeding  and 
of  discharge,  or  size  of  the  entering  or  the  leaving  material.  There 
may  be  other  conditions  that  vary  the  results.  It  may  be  that 
neither  the  Sturtevant  mill  nor  the  combination  of  rolls  and  crushers 
has  yet  been  tested  to  maximum  efficiency.  The  results  which  have 
been  presented  may  both  be  far  below  the  maximutu  efficiency,  and 
consequently  the  result  which  may  yet  be  obtained  by  both  of  them 
may  surpass  any  figures  yet  made.     We  are  meeting  a  similar  dif- 
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ference  in  all  kinds  of  machinery,  and  it  is  not  at  all  surprising  that 
there  should  be  such  diiferences  of  opinion  as  to  the  relative  merits 
of  these  two  kinds  of  apparatus  for  crushing  ore,  especially  when  we 
remember  that  the  whole  business  is  only  a  few  years  old.  The  old 
question,  whether  it  is  best  to  jacket  a  steam-engine,  is  still  unsettled 
after  30  years  of  discussion.  The  question  as  to  stamps,  whether  it 
is  better  to  use  heavy  stamps  or  light  stamps,  is  as  undetermined  now 
as  it  was  30  years  ago.  All  these  varying  conditions  come  in  to 
complicate  matters;  so,  acting  as  a  jury  on  this  question,  we  shall  have 
to  accept  all  the  statements  that  have  been  presented  and  then  look 
for  further  light.  We  must  have  more  data  in  future  of  the  opera- 
tions of  this  mill  under  different  circumstances  ;  and  I  hope  that 
some  one  will  carry  on  a  series  of  experiments  by  testing  the  mill 
under  all  circumstances  and  giving  us  the  results,  not  as  indicated 
by  a  few  cards,  or  by  one  day's  experiment,  but  by  running  the 
mill  for  a  week  on  the  same  class  of  ore  under  varying  conditions. 
We  w(juld  like  to  have  the  results  of  the  mills  when  run  under  con- 
ditions of  maximum  efficiency,  and  then  we  can  determine  which  are 
the  best  mills  for  any  particular  set  of  conditions. 

A.  L.  Inman,  Plattsburgh,  N.  Y.  (in  response  to  a  request  from 
the  President) :  I  am  not  prepared  to  furnish  at  this  time  detailed 
data  concerning  the  operations  of  the  Chateaugay  company  with  the 
multiple-jaw  Blake  crusher;  but  I  mey  say  that,  in  1890,  before  our 
mill  was  enlarged,  and  when  we  were  using  the  multiple-jaw  exclu- 
sively, we  treated,  with  that  end  of  the  mill,  512  tons  of  ore  per  work- 
ing-day of  20  hours  as  the  average  for  a  year  of  312  working-days. 
It  is  therefore  safe  to  say  that  that  end  of  our  mill  has  a  capacity  of 
500  tons  per  day.  Some  days,  of  course,  when  the  ore  is  compara- 
tively dry,  we  can  put  more  through.  The  moisture  in  the  ore,  due 
to  rainy  weather,  or  to  the  snows  of  winter,  seriously  affects  our  op- 
erations; but  we  are  warranted  in  estimating  the  capacity  of  the 
multiple  jaw  plant  at  not  less  than  500  tons  a  day.  When  that  mill 
was  built,  we  put  in,  under  Mr.  Theodore  A.  Blake's  advice,  a  250 
horse-power  engine,  supposing  that  the  14  crushers  we  were  then 
erecting,  with  the  screens  and  the  jigs,  would  require  175  horse- 
power. We  have  since  added  two  crushers,  4  sets  of  rolls  and  4 
additional  jigs,  and  we  are  now  running  the  entire  mill  at  a  capacity 
of  1000  tons  per  day,  with  the  power  originally  provided,  except 
that  a  condenser  has  been  put  on  the  engine.  We  have  aimed  to 
reduce  the  ores  for  jigging,  so  that  they  will  pass  a  ^inch  mesh. 

J.  C.  Platt,  Waterford,  N.  Y. :  The  question  of  the  consump- 
voL.  XXI. — 35 
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tion  of  power  in  a  crushing-machine  seems  to  me  much  like  that  of 
power  in  a  rolling-mill.  We  all  know  that,  if  the  man  at  the  Blake 
crusher  throws  in  a  piece  as  big  as  his  head  it  will  take  more  power 
to  crush  it  than  would  a  piece  of  the  size  of  his  fist.  Observaiions 
which  I  had  occasion  to  make  in  a  rolling-mill,  some  years  ago, 
showed  great  fluctuations  in  the  power  consumed  :  for  instance,  200 
or  300  horse-power  for  a  second  and  a  half,  and  only  50  horse- 
power for  the  next  half-second.  That  was  due  to  the  varying  work 
of  the  train,  which  was  at  one  moment  dealing  with  the  first 
pass  of  the  bloom  and  with  the  finishing  pass  of  the  rail, 
simultaneously  ;  at  another  moment  with  the  second  pass  of 
the  bloom  and  no  rail,  and  so  on.  I  have  a  number  of  indicator- 
diagrams  from  a  first-rate  Corliss  engine,  driving  tin-foil  rolls, 
which  reduce  a  rather  thick  slab  of  metal ;  and  the  indicated  horse- 
power varies  from  60  to  200,  according  to  the  absence  or  presence 
of  the  metal  in  the  rolls  at  the  moment  the  card  was  taken.  May 
not  the  determination  of  power  consumed  in  crushing  be  subject  to 
analogous,  though  smaller,  variations  ? 

Theodore  A.  Blake,  New  Haven,  Conn,  (in  answer  to  an  in- 
quiry from  the  President)  :  I  do  not  think  that  indicator-cards  were 
taken  to  determine  the  power  consumed  in  the  Chateaugay  mill,  of 
which  Mr.  Inman  has  spoken.  The  estimate  from  experience  was 
that  about  124  horse-power  was  consumed  in  crushing  500  to  600 
tons  per  day. 

William  P.  Blake,  New  Haven,  Conn,  (communication  to  the 
Secretary)  :  In  the  appreciative  and  correct  reference  to  the  Blake 
crusher,  contained  in  Mr.  Sahlin's  paper,  he  says :  "  It  is  better 
practice  to  pivot  the  swinging-jaw  below  the  crushing-face  than 
above  it,  as  in  the  Blake." 

It  may  not  be  generally  known  at  this  date  that  the  original  ma- 
chine, as  first  designed  and  constructed  by  my  uncle,  Eli  Whitney 
Blake,  had  the  movable  jaw  pivoted,  as  Mr.  Sahlin  suggests,  from 
below ;  and  many  machines  were  so  made.  This  construction 
gave  the  greatest  amplitude  of  movement  at  the  upper  part  of 
the  crushing-face,  and  tlie  least  at  the  lower  edge  of  the  face. 
The  movable  jaw  rested  in  a  slot-bearing  at  the  bottom  of  the 
frame,  where,  of  course,  the  movement  back  and  forth  was  nil,  but, 
beginning  at  that  point,  increased  with  the  length  of  the  jaw  upwards. 
The  inventor  quickly  saw  that  for  rapid  crushing  of  rock  the  con- 
ditions of  movement  of  the  jaw  should  be  reversed — that  the  lower 
part  of  the  crushing-face  should  have  the  greatest  movement,  back 


DISCUSSION    ON    THE   CRUSHING    OF   IRON-OEE.  5J7 

and  forth,  and  that  the  highest  portion,  where  the  opening  between 
the  two  jaws  is  greatest,  should  have  the  least  movement  back  and 
forth — inasmuch  as  the  rapid  discharge  of  stuff  already  broken  was 
essential  to  the  regular  dropping  downward  of  the  coarser  and  un- 
crushed  rocks  between  the  opposing  faces  of  the  two  jaws,  where 
such  coarse  fragments  could  in  turn  become  wedged  and  crushed. 
Mr.  Sahlin  is  correct  in  his  observation  ;  for  no  doubt  the  original 
construction  of  the  machine  made  more  "  fines  "  than  the  form  now 
in  general  use,  where  the  movable  jaw  is  hung  from  above  rather 
than  from  below  the  crushing  face.  But  as  the  primary  object  of 
the  inventor  was  to  crush  rock  in  quantity  for  making  roads,  he 
changed  the  hanging  of  the  jaw  from  below  to  above.  It  was  also 
evident  that,  for  crusiiing  the  larger  masses  of  rock,  it  was  better  to 
have  the  least  motion  possible,  where  the  resistance  is  the  greatest. 
These  reasons  led  to  the  adoption  of  the  present  arrangement  of  the 
jaws. 

When  the  first  machines  were  set  in  operation,  crushing  up  trap- 
rock  for  macadamizing  the  road  between  New  Haven  and  West- 
ville,  it  was  my  privilege  to  see  the  importance  of  this  invention  as 
an  adjunct  to  stamps,  and  all  milling  operations  upon  ores,  and  to 
erect  and  put  in  operation  the  first  rock-breaker  used  to  break 
gold-quartz.  This  was  upon  the  Mariposa  estate  in  California,  in 
1861,  at  the  Benton  mills  upon  the  Merced  River,  where  25  China- 
men, at  $1  a  day  each,  were  employed  in  spalling  the  quartz  to  be 
fed  to  the  stamps.  The  machine  set  up  there  was  of  the  old  lever 
pattern,  which  some  mill-men  prefer  to  this  dav  ;  but  the  movable 
jaw  was  hung  above,  not  below.  But  being  used  only  to  break  the 
quartz  to  a  suitable  size  for  stamps,  it  was  not  attempted  to  produce 
granulated  ore,  or  a  large  amount  of  "  fines."  The  success  of  this 
rock-breaker  speedily  led  to  its  use  at  Washoe  upon  the  ores  of  the 
Comstock,  at  the  mills  of  Land  and  Booth,  where  no  attempt  was 
made  to  break  the  ore  smaller  than  a  convenient  size  for  the  stamps. 
However,  the  importance  of  getting  a  finer  product  led,  in  many 
cases,  to  setting  the  jaws  closely  together,  which  of  course  increased 
the  friction  and  wear  upon  the  lower  parts  of  the  faces  of  the  jaws;. 
and  it  may  be  said  that  although,  by  setting  the  jaws  very  close 
together,  and  by  diminishing  the  motion  by  using  an  eccentric  of 
small  throw,  or  pivoting  the  jaw  below,  as  proposed  by  Mr. Sahlin,, 
a  large  amount  of  fine  stuff  can  be  produced  by  an  ordinary  rock- 
breaker,  it  is  not  an  economical  use  of  the  machine,  which  was  never 
designed  to  be  so  used.     The  solution  of  the  problem  of  fine-crush- 
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ing,  upon  the  Blak«  principle  of  vibratory  jaws,  has  been  achieved  by 
my  brother,  Theodore  A.  Blake,  in  his  invention  of  the  multiple- 
javv-crusher,  which  is  now  in  successful  use,  is  well-known  to 
most  of  our  mining  and  metallurgical  engineers,  and  was  seen  in 
operation  by  the  members  of  the  Institute  at  the  Chateaugay  works. 

S.  R.  Krom,  New  York  City  (communication  to  the  Secretary): 
In  reply  to  Mr.  Buchanan,  I  would  say  that  the  figures  of  power 
and  wear  given  in  my  paper  for  the  Sturtevant  mill  were  furnished 
to  me  by  Mr.  Huxley. 

President  Birkinbine  (communication  to  the  Secretary) :  As 
this  discussion  has  naturally  included  different  methods  of  crushing 
and  the  appliances  used  for  concentration,  it  seems  well  to  incorpo- 
rate with  the  data  already  furnished  some  of  the  results  obtained  in 
the  Lake  Superior  copper-district,  where  immense  quantities  of 
material  are  taken  from  the  workings,  from  2000  to  30U0  feet  below 
the  surface,  hoisted,  sorted,  crushed  and  conveyed  to  separator-plants, 
consisting  of  stamps,  water-jigs,  slime-tables,  etc.,  as  described  by 
Mr.  C.  M.  Rolker  (fmns.,  v.,  584)  and  Prof.  H.  S.  Munroe  {Trans.y 
viii.,  409).  The  economical  practice  at  a  number  of  these  mines  is 
remarkable.  Through  the  courtesy  of  Mr.  John  Stanton,  I  am  able 
to  present  to  the  Institute  the  cost  of  crushing  and  separating,  as 
carried  on  at  the  Atlantic  mine  near  Hancock,  Mich.  At  this  mine 
the  average  yield  of  copper,  per  ton  of  rock  treated  in  the  separator, 
has  for  a  number  of  years  been  14  pounds,  but  in  the  year  1891  this 
yield  was  .somewhat  reduced,  as  will  be  seen  from  the  following  state- 
ment excerpted  from  the  annual  report : 

Kock  stamped, 297,030  tons. 

Product  of  "  mineral," 5,089,700  lbs. 

Product  of  refined  copper,  71.78  per  cent,  of  tlie  mineral,  3,653,671  lbs. 

Yield  of  rock  treated,  12.3  lbs.  copper  per  ton,  or     .        .  0.615  per  cent 

Gross  value  of  product,  per  ton  of  rock  treated,       .        .  $1.5467. 

Cost  Per  Ton  of  Rock  Stamped. 

Mining,  selecting  and  breaking,  and  all  surface-expen- 
ses, including  taxes, J0.9529 

Transportation  to  mill, 0.0386 

Stamping  and  separating, 0.2582 

Total  working  expenses  at  mine, $1.2497 

Freight,  smelting  and  marketing  prcduct^   including 

New  York  office  expenses, 0.1847 

Cost  per  ton  of  running  expenses,         ....  $1.4344 

Expenditures  charged  to  construction  account,     .         .  0.1107 

Total  expenditure  per  ton  of  rock  treated,  .        .         .  $1.5451 
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While  the  yield  of  the  ore  in  1891  was  less  than  for  a  number  of 
years  past,  the  minimura  of  cost  of  separation  was  in  that  year,  as 
appears  in  the  following  table,  showing  the  quantities  of  rock 
stamped  and  the  total  cost  per  ton  for  preparing  the  mineral  and 
delivering  it  at  the  smelter.  It  is  a  notable  fact  that  for  six  years 
the  greatest  variation  from  the  cost  of  1891  was  less  than  two  cents 
per  ton. 

Since  1880  the  mill  has  treated  as  follows: 


1881, 
1882, 
1883, 

1884, 
1885, 
1886, 
1887, 
1888, 
1889, 
1890, 
1891, 


The  details  going  to  make  up  the  milling-cost  per  ton  in  1891  are 
as  follows : 


Tons. 

Cents  per  ton 

169,825 

38.13 

1 76,055 

42.54 

189,800 

37.07 

195,699 

35.36 

209,510 

38.95 

247,035 

26.53 

255,750 

27  31 

298,055 

26.89 

278,680 

27.78 

278,300 

27.78 

297,030 

25.82 

Labor  (including  salary  of  superintendent),   . 
Fuel  (Pittsburgii  coal  at  $3.15  per  ton), 
Supplies  (castings,  oil,  tools,  etc.),  . 
Fire  insurance,         ...... 

Teaming  mineral   (concentrates)  to  smelting-works  at  Han 
cock,     


Less  amount  received  for  dockage, . 

Net  expenses  of  mill  for  1891, 
Including  labor  at  dock. 


$28,517  33 

35,588  00 

10,298  24 

1,023  75 

1,558  46 

$76,985  78 

285 

.    $76,700  78 


Mr.  Stanton  says  that  it  would  not  be  possible  to  conjure  up  any 
other  expense  at  the  mill,  every  outlay  for  repairs  being  charged  in. 
And  he  adds  that  he  thinks  the  total  expenditure  for  all  purposes, 
including  construction,  will  not  exceed  for  the  present  year,  $1.25 
per  ton  of  rock  stamped,  as  against  $1.5451  in  1891. 

The  practice  at  the  Lake  Superior  mines  is  to  convey  the  rock  as 
hoisted  from  the  mine  to  a  "  rock-house,"  in  which  the  barren  rock 
is  picked  out,  as  far  as  practicable,  before  the  copper-rock  is  crushed. 
The  latter  is  carried  on  an  elevated  track  connecting  each  shaft  with 
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the  rock-house,  the  cars  being  hauled  by  ah  endless  rope  operated  by 
power  in  the  rock-house.  The  cost  of  handling  the  rock  on  the 
surface,  including  transportation  to  rock-house,  selecting  poor  rock, 
and  crushing  the  copper-rock,  is  less  than  seven  cents  per  ton  of  rock 
milled.  The  rock  is  broken  to  a  size  in  which  the  largest  pieces  are 
about  that  of  broken  coal.  After  crushing,  the  rock  falls  into 
pockets,  from  which  the  cars  are  loaded  by  the  brakemen  of  the 
train  that  conveys  it  to  the  mill.  If,  therefore,  there  is  added  seven 
cents  per  ton  for  crushing,  the  total  cost  of  treating  ore  from  the 
time  it  is  dumped  at  the  shaft-head  until  the  concentrate  is  delivered 
at  the  smelting-works,  is  less  than  thirty-three  cents  per  ton  of  rock 
suitable  for  milling. 

The  stamping  in  the  concentrating-plant  at  Houghton  is  done  by 
five  Leavitt  steam-stamps,  with  18-inch  steam-cylinders,  the  aggre- 
gate product  of  which  averages  1000  tons  a  day.  The  above  items 
of  cost  do  not  include  interest  on  the  cost  of  plant  or  on  capital 
employed.  Considering  the  work  done,  the  expenses  for  labor,  fuel, 
etc.,  the  results  are  sufficiently  instructive  to  be  entitled  to  a  place  in 
this  discussion.  Having  the  amygdaloid  rock  as  a  matrix  to  the 
copper  gives  the  Atlantic  mine  an  advantage  over  some  of  its  neigh- 
bors; but  the  low  cost  here  shown  could  only  be  obtained  by  good 
management  and  practically  uniform  work  as  to  quantity  treated 
and  character  of  product  throughout  the  year. 

Thomas  Robins,  Jr.,  New  York  City  (communication  to  the 
Secretary) :  In  connection  with  the  remarks  of  Dr.  Raymond  con- 
cerning my  experimental  determination  by  the  sand-blast  of  the  rela- 
tive resistance  to  abrasion  of  different  compounds  of  rubber,  to  be 
used  on  the  carrying-side  of  the  belt-conveyors  which  I  manufacture 
for  concentrating- works,  etc.,  I  beg  to  say  that,  since  the  Lake  Cham- 
plain  meeting,  practical  tests  have  entirely  confirmed  the  superiority 
of  the  material  w'hich  my  preliminary  experiments  had  led  me  to 
prefer.  In  a  recent  comparative  trial  at  the  Ogden  mines.  New  Jer- 
sey, a  conveyor  faced  with  this  material  showed  no  appreciable  wear 
after  thirty-one  hours,  while  all  the  sample  belts  of  other  materials 
included  in  the  trial  were  destroyed  by  twenty  hours'  exposure  to 
the  same  conditions.  The  test  consisted  in  exposing  a  square  foot  of 
rubber-compound  to  the  full  force  of  a  stream  of  crushed  ore  deliv- 
ered from  the  end  of  a  belt  which  was  carrying  a  large  load  at  the 
speed  of  600  feet  per  minute.  I  now  employ  this  test  in  preference 
to  the  sand-blast,  because  by  its  use  the  same  results  are  demonstrated 
upon  a  larger  scale. 
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In  making  my  compound  I  wash  the  rubber  thoroughly,  and  re- 
frain from  the  employment  of  any  gritty  materials,  such  as  are  com- 
monly used  in  rubber-mixtures.  I  add  but  little  sulphur,  and  that 
is  finely  pulverized. 


STUDIES  IN  STRVGTVRAL  GEOLOGY. 

BY  BAILEY  WILLIS,   U.    S.    GEOL.    SURVEY,   WASHINGTON,    D.    C. 

(Lake  Champlain,  Plattsburgh,  Meeting,  June,  1892.) 

It  is  proposed  to  present  some  of  the  results  of  observation  of 
the  geologists  of  the  Appalachian  division  during  the  past  seven 
years,  and  of  experimental  study  during  the  past  three  years,  on  the 
subject  of  structural  geology  in  the  Appalachian  Province.  The 
article  must  be  brief,  even  at  the  risk  of  obscurity;  but  a  more 
complete  and  fully  illustrated  paper  will  appear  in  the  Thirteenth 
Annual  Report  of  the  United  States  Geological  Survey. 

Certain  Facts. 

The  following  facts  are  first  to  be  taken  account  of: 

From  the  Cambrian  age  to  the  Carboniferous  there  existed  a  conti- 
nent stretching  southeast  from  the  present  range  of  the  Blue  Ridge, 
covering  what  is  now  eastern  Pennsylvania,  Xew  Jersey,  eastern  Vir- 
ginia, North  and  South  Carolina  and  eastern  Georgia,  with  some  un- 
known part  of  the  present  Atlantic  ocean-bed.  Northwest  from  this 
continent  lay  a  sea,  reaching  to  the  west  and  north  of  the  Mississippi. 

Sedimentary  deposits  derived  from  the  land  accumulated  with  or- 
ganic remains,  in  the  sea ;  the  greater  part  fell  in  a  narrow  zone 
along  the  shore,  the  remainder  spread  in  a  comparatively  thin 
sheet  over  the  bottom  of  the  Mediterranean  of  North  America. 
The  resulting  strata  measure,  near  Mauch  Chunk,  Pa,,  30,000  feet  ; 
over  much  of  Pennsylvania,  20,000  to  25,000  feet ;  over  eastern 
Tennessee,  Georgia  and  Alabama,  but  10,000  to  15,000  feet.  The 
stratified  mass,  considered  with  reference  to  its  broad  physical  char- 
acters, consists  of  three  members :  A  base  of  shale  and  sandstone  ; 
a  middle  of  limestone,  2500  to  6000  feet  thick — a  stratum  probably 
not  equalled  in  the  world  for  uniformity  of  character  and  massive- 
ness;  and  a  top  of  shale  and  sandstone,  5000  to  23,000  kei  thick. 

This  mass  has  been  folded.  In  a  zone  900  miles  long  and  50  to 
125  miles  wide,  the  strata  exhibit  such  attitudes  and  relations  as 
could  result  only  from  a  force  of  compression  acting  from  north- 
west or  from  southeast,  or  from  both  directions.     Our  problem  is  : 
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How  and  why  did  such  a  force  affect  this  zone  in  this  manner,  and 
what  was  its  origin  ? 

Structural  Districts  of  the  Appalachian  Province. 

The  structural  features  throughout  the  region  under  consideration 
although  all  of  one  type,  are  of  several  different  phases  ;  and  these 
occur  in  such  distribution  as  to  determine  four  great  districts.  The 
first  of  these  districts  is  the  southeastern,  which  stretches  from  the 
Lebanon  valley  in  Pennsylvania,  through  Virginia,  to  Chilhowee 
mountain,  Tennessee.  On  the  southeast  it  is  bounded  by  the  foot- 
hills of  the  Blue  Ridge  ;  on  the  northwest,  by  the  heights  of  Kitta- 
tinny  and  North  mountains.  It  is  the  belt  of  outcrop  of  the  Valley 
limestone;  and  the  phase  of  structure  developed  in  it  is  charac- 
terized by  numerous  short  anticlines  and  synclines,  all  closely 
appressed.     I  shall  call  it  the  district  of  close  folding. 

The  second  district  is  the  southern  extension  along  the  strike  of 
the  first;  it  is  that  part  of  eastern  Tennessee  and  North  Carolina 
east  of  the  crest  of  Chilhowee  mountain,  including  the  Great 
Smokies,  and  widening  greatly  in  Georgia.  The  strata  are  the 
Ocoee  of  Safford;  and  we  do  not  yet  know  the  answer  to  the  princi- 
pal questions  raised  as  to  their  age  and  metamorphism.  But  the 
principal  characteristic  structural  feature  is  cleavage. 

The  third  district  extends  from  the  anthracite  basins  to  New 
river,  Va. :  it  is  the  belt  of  the  Alleghany  mountains,  bounded  on 
the  southeast  by  Kittatinny  and  North  mountains,  on  the  northwest 
by  the  horizontal  strata  of  western  Pennsylvania  and  the  Cumber- 
land plateau.  The  characteristic  structure  is  the  open  fold,  that  un- 
dulation of  the  strata  which  would  resemble  a  surface  of  corrugated 
iron  were  the  folds  regular  in  size.  There  are  in  this  area  special 
developments  of  closed  and  overturned  folds,  as  in  the  anthracite 
basins,  and  small  faults  occur;  but  the  prevailing  flexures  are  like 
those  of  the  section  between  Harrisburg  and  Bellefonte,  along  the 
Juniata.     This  is  the  district  of  open  folding. 

The  fourth  district  is  the  southern  extension  of  the  third  along  the 
strike.  In  southwestern  Virginia  great  faults  arise  in  anticlines, 
and  extend  through  Tennessee  into  Georgia  and  Alabama.  In  east 
Tennessee  the  belt  widens,  and  other  faults  develop  in  parallel  lines. 
Their  lengths  range  from  100  to  375  miles;  their  parallelism  is  most 
remarkable;  and  the  resulting  structure  of  the  zone  is  best  likened 
to  a  surface  covered  with  clapboards — clapboards,  100  or  more 
miles  long,  1000  to  14,000  feet  thick,  and  shoved  to  overlap  by  1  to 


Fig.  1. 
Model  El. 
About   ^    of    ac- 
tual   size.       Upper, 
laminated     half 
composed    of    hard 
layers     of     mixture      of 
wax  and    turpentine    in 
equal  parts.     Lower  half, 
firmly  plastic  (2  wax  to  1 
turpentine).      Model  was 
constructed    with    slight 
changes    of    dip    at    two 
points,     which     determined, 
under  compression,  the  loca- 
tion of  anticlines.     Faulting 
ensued  ;  and  the  structure  at 
stage  d  is  exactly  that  of  M".  E. 
Alabama,  where    Sand    mountain 
lies  as  a  plateau  between  two  anti- 
clinal valleys,  one  of  them  faulted. 
Compression  was  produced   in  the 
experiment,  under  a  load  of  1000 
lbs.  of  shot,  by  a  piston  advancing 
from  the  right,  2  inches  for  each 
stage  represented. 

(Compare  this  with  Fig.  2.) 
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5  miles.  It  is  a  fact,  repeatedly  observed  since  the  time  of  Rogers, 
that  these  great  faults  were  all  developed  from  antecedent  folds,  the 
northwestern  limbs  of  which  were  sheared  or  broken  across.  These 
folds  were  usually  of  a  peculiar  form,  which  we  may  compare  with 
a  step  of  broad  tread  and  small  rise.  The  long  and  gentle  south- 
eastern dip  corresponds  to  the  tread ;  the  steep,  short  northwestern 
dip  formed  the  rise.  They  were  step-folds,  and  the  faults  are  a  result 
of  mechanical  conditions  not  unlike  those  provided  to  shear  steel 
plate. 

Conditions  of  Folding  and  Faulting. 

The  distribution  of  the  phases  of  folding  in  broad  districts 
originated  in  conditions  determining  the  results  of  a  simple  force 
of  compression  or  thrust.  From  the  point  of  view  of  mechanical 
engineering,  the  strata  were  struts,  subjected  to  pressure.  Why 
did  they  bend,  here,  in  the  district  of  open  folding — why  did 
they  break,  there,  in  the  district  of  faulting?  The  determining  con- 
dition must  be  either  in  the  material  bent  or  broken,  or  in  the  circum- 
stances of  its  position.  Let  us  compare  the  strata  in  the  folded  and 
faulted  districts. 

The  area  of  open  folding  coincides  with  the  great  deposits  of  De- 
vonian sediments,  which  range  from  7000  to  10,000  feet  in  thick- 
ness. Throughout  the  same  area,  the  aggregate  thickness  of  all 
strata  above  the  great  Silurian  limestone  varies  from  10,0' 'O  to 
23,000  feet.  The  district  of  faulting  corresponds  to  that  region  in 
which  the  Devonian  sediments  range  from  30  feet  to  1000  ket,  and 
the  thickness  above  the  great  limestone  varies  from  5000  to  10,000 
feet.  Of  all  the  strata  folded,  this  limestone  mass  is  the  one  which, 
being  most  rigid,  would  most  eflFectively  transmit  the  compressing 
thrust,  and  would  control  the  resulting  structure.  Considering 
strata  as  a  load  upon  anything  beneath  them,  we  may  count  one  foot 
in  thickness  as  a  pound  in  weight  per  square  inch,  to  depths  of  less 
than  five  miles;  and  from  the  preceding  statements  as  to  thickness, 
it  follows  that  the  limestone  in  the  folded  district  sustained  a  load 
of  10,000  to  23,000  pounds  per  square  inch,  while  in  the  faulted 
district  it  supported  but  5000  to  10,000  pounds  per  square  inch. 
We  know  that  load,  up  to  a  certain  point,  restrains  fracture  in  mate- 
rials under  thrust.  The  inference  is  close  at  hand  that,  in  the  one 
area,  the  great  limestone  folded  because  it  was  flexible  under  enor- 
mous load  ;  in  the  other,  it  faulted  because  it  was  frangible  under 
moderate  load.     In  this  inference  lies  the  answer  to  the  question: 


Fig.  2. 
Model,  Gi. 
Size    and    con- 
ditions   of    com- 
pression as  inFig. 
1,    but    composition    of 
model      different — the 
upper     laminated    half 
being  medium  soft  (wax 
9,   plaster  9,  turpentine 
4  parts),   and  the  lower 
half  soft  (equal  parts  wax 
and  turpentine).      Model 
made,  like  E^  (Fig.  1),  with 
slight  changes  of  dip  at  2 
points;  but,  in  consequence 
of  softness  of  material,  the 
applied  pressure  was  not  so 
transmitted  as  to  cause  folding  (ex- 
cept  near   the    piston),  until   the 
later  stages  were  reached. 
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How  did  the  thrust  affect  the  strata?  It  affected  them  according  to 
their  rigidity  under  their  respective  conditions  of  superincumbent 
load. 

Initial  Dips  and  Flexures  of  Deposition. 

Why  did  compression  affect  this  zone  ? 

The  great  differences,  such  as  those  stated  above,  in  the  thickness 
of  strata  deposited  during  a  given  period,  must  have  changed  the  posi- 
tion of  underlying  strata  before  compression  bent  them.  Consider 
the  sediments  above  the  Silurian  limestone  (Formation  II.)  in  east- 
ern Pennsylvania.  According  to  sections,  from  reports  of  the  Sec- 
ond Geological  Survey  of  that  State,  the  strata  in  Formations  III. 
to  XII.,  inclusive,  aggregate:  In  Lycoming  county  (Sherwood),  9700 
feet;  in  Centre  county  (D'Invilliers),  15,500  feet;  in  Perry  county 
(H.  D.  Rogers),  19,700  feet;  in  Carbon  county  (Ashburner),  23,700 
feet.  Formation  XII.  was  deposited  in  an  approximately  horizontal 
position,  as  is  proved  by  its  relation  to  overlying  coal-beds,  whose 
former  horizontality  is  beyond  question.  Hence,  measuring  from 
the  top  of  No.  XII.  downward,  we  find  the  depth  of  No.  II.,  below 
a  horizontal  datum,  increasing  in  a  southeasterly  direction  from  9700 
to  23,700,  or  by  an  amount  of  14,000  feet,  in  70  miles,  an  average 
initial  inclination  of  200  feet  per  mile.  Again,  it  becomes  apparent 
on  study  of  sections  that  this  initial  dip  began  on  a  line  coincident 
with  the  present  Nittany  anticline ;  that  is  to  say,  where  compression 
raised  a  great  arch,  there  previously  existed  a  bend  from  a  nearly- 
horizontal  to  a  descending  position  in  the  principal  stratum  trans- 
mitting the  thrust,  and  the  coincidence  of  a  number  of  other  initial 
flexures,  with  now  existing  anticlines,  has  been  traced. 

The  yielding  of  a  bent  strut  at  the  bend  needs  no  comment;  but 
the  resulting  law  may  be  formulated  as  follows:  Greater  anticlines  and 
synclines  originate  in  upward  or  downward  convexity  of  initial  dips, 
due  to  unequal  deposits  of  sediment  which  depress  underlying  strata 
in  proportion  to  their  weight.  Such  folds  may  be  called  original. 
By  study  of  published  Pennsylvania  sections,  I  have  been  able  to 
show  that  the  Pottsville,  Mahanoy,  Shamokin,  and  Wyoming  coal- 
basins  belong  to  this  class;  and  I  might  name  a  nuaiber  of  other 
synclines  of  deposition  or  original  synclines  in  the  Appalachian 
Province. 

Isostatic  Equilibrium  of  the  Earth's  Mass. 

The  initial  subsidence  of  those  areas  wheregreater  weight  of  deposits 
causes  synclines  of  deposition,  is  intimately  related  to  the  fact  that  the 


Fig.  3. 
Model  H. 
This  model  was, 
in  dimensions  and 
dips,likeEiandGi, 
shown    in   Figs.   1 
and  2,  but  had  a  still 
softer  base  tlian  either ; 
the   upper  half  being, 
as  in   Fig.  2.  medium 
soft  (wax  9,  plaster  9, 
turpentine     4     parts), 
and  the  lower  half  very 
soft  (wax  2,  turpentine 
3   parts).       In    this    experi- 
ment one  of  the  two  points 
of  slight  change  in  dip  (the 
one  nearer  to  the  piston)  in 
the  model  before    compres- 
sion, determined  the  princi- 
pal  anticline.      The    means 
and  method  of  compression 
and    the    superincumbent    weight 
were  as  in  Fig.  1. 
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earth's  mass  is  in  a  state  of  equilibrium  through  the  transmission  of 
pressures,  according  to  hydrostatic  conditions  at  a  moderate  depth. 
This  condition  Major  Dutton  has  called  isostatic.  It  is  theoretically 
explained  by  the  fact  that  pressures  at  a  depth  of  5  miles  exceed  the 
crushing  strength  of  rocks  at  the  surface.  Thus,  all  rocks  below  5 
or  10  miles  are  in  the  presence  of  crushing  forces.  But  crushing, 
which  is  separation  into  incoherent  particles,  is  not  possible  in  the 
earth's  mass,  since  irresistible  confinement  holds  any  deep-seated  rock- 
mass  to  its  coherent  volume.  Therefore,  when  any  sufficient  force 
moves  such  a  rock-mass  the  movement  is  plastic  flow. 

This  is  true  without  reference  to  temperature,  which  is  probably 
moderate  at  such  depths.  We  shall  see  what  part  this  condition 
played  in  the  compression  of  the  Appalachian  zone.  It  is  intro- 
duced here  as  an  important  fact  to  be  considered  in  experimental 
studies. 

Experiments  in  Structural  Geology. 

To  experiment  for  the  reproduction  of  the  forms  of  folding  is  no 
new  thing.  The  first  efforts  were  made  by  Sir  James  Hall,  of  Scot- 
land, seventy  years  ago;  and  a  number  of  geologists  have  since  tried 
this  method  of  solving  the  problem  of  the  deformation  of  strata. 
But  I  believe  the  experiments  recently  carried  on  in  the  United 
States  Geological  Survey  differ  from  all  others  in  the  following 
assumed  conditions : 

1.  The  materials  used  to  simulate  stratified  rocks  should  vary  in 
consistency  from  brittle  to  plastic,  according  to  the  depth  at  which 
deformation  is  supposed  to  take  place. 

2.  The  compression  should  be  carried  on  under  a  movable  load, 
to  represent  the  weight  of  superincumbent  strata. 

3.  The  piles  of  strata  should  rest  on  a  yielding  base,  to  simulate 
the  condition  of  support  of  any  arc  of  the  earth's  crust. 

For  principal  material,  wax  was  selected.  Mixed  with  plaster  of 
Paris,  it  makes  a  hard,  brittle  substance;  with  Venice  turpentine 
it  becomes  soft,  even  to  the  consistency  of  butter,  according  to 
the  proportions.  For  load,  1000  pounds  of  shot  was  provided. 
For  yielding  base,  soft  mixtures  of  wax  and  turpentine  were  em- 
ployed ;  and,  to  avoid  friction  in  the  pressure-box,  the  model  was 
surrounded  with  shot.  The  compressor  was  a  simple  oaken  box  with 
removable  sides,  well  bolted  together,  forming  a  chamber  in  which 
the  pile  of  layers  previously  cast  could  be  placed,  and  squeezed  end- 
wise by  the  slow  advance  of  a  piston,  driven  by  a  screw. 


Fig.  4. 
Model    J. 
Size   and   super- 
incumbent    load 
and      manner     of 
compression,  as  in  pre- 
ceding Figs.    But  this 
model  was  in  3  pai-ts; 
the  upper  .5  layers  being 
soft   (wax  3,  plaster  2, 
t>irpeutine  2  parts) ;  the 
middle  7  layers  softer 
(wax  3,  plaster  3,  turpentine  6 
parts) :  and  the  lower  7  layers 
softest  (wax  2,  plaster  2,  tur- 
pentine 6  parts),  as  soft  as 
butter — the    softest    material 
that  could  be  handled.    The 
harder  layers,  forming  a  com- 
petent arch,  gave  this  soft  base 
room   vertically,  to  which  it 
adapted  itself  under  horizon- 
tal   compression     by    wedge- 
shaped  shearing.    This  is  in- 
competent    structure :     flow, 
concentrated  into  fault-planes. 
The  overthrust  in  stages  h  to  k 
is  of  the  Alpine  type. 
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The  progress  of  any  one  experiment  was  by  six  or  eight  stages  of 
comj)ression.  Thus,  strata  for  a  model,  cast  of  selected  materials 
and  arranged  to  suit  the  hypothesis  proposed,  were  squeezed  under 
load  by  steps  of  2  inches,  and  photographed  at  each  stage  of  com- 
pression. The  photographs,  mounted  in  succession,  thus  show  the 
development  of  a  structure  resulting  from  an  assumed  initial  con- 
dition. Before  shortening,  the  models  were  all  39  inches  long,  5 
inches  wide  and  3  to  6  inches  deep.  I  will  not  here  dwell  on  the 
mechanical  difficulties  encountered  in  casting  and  handling  the 
models  and  in  getting  results  like  those  of  nature,  but  will  only  sum 
up  the  conclusions  drawn  from  numerous  experiments. 

Conclusions  from  Experiments. 

1.  When  a  thrust  tangentially  affects  a  stratified  mass,  it  is  trans- 
mitted in  the  direction  of  the  strata,  and  by  each  stratum  according 
to  its  inflexibility.  At  any  bend,  the  force  is  resolved  into  compo- 
nents, one  radial,  the  other  tangential  to  the  dip  beyond  the  bend ; 
the  radial  component,  if  directed  upward,  tends  to  raise  the  stratum 
and  its  load  ;  if  directed  downward,  it  tends  to  depress  the  stratum 
and  displace  its  support. 

2.  A  thrust  so  resolved  can  only  raise  an  anticline  or  arch  which 
is  strong  enough  to  sustain  the  load  lifted  by  its  development;  such 
an  arch  may  be  called  competent;  and  since  strength  is  a  function 
of  the  proportions  of  a  structure,  it  follows  that,  for  a  given  stratum, 
the  size  of  a  competent  anticline  will  vary  inversely  as  the  load; 
or,  for  a  given  load,  the  size  will  vary  as  the  thickness  of  the  effect- 
ive stratum.  But  original  anticlines,  which  are  co-extensive  wiMi 
conditions  of  deposition,  may  have  limbs  longer  than  their  simply 
competent  arches  would  have. 

3.  The  superincumbent  load  borne  by  a  competent  anticline  is 
transferred  to  the  supports  of  the  arch  at  the  points  of  inflection  of 
the  limbs.  Hence  soft  strata  are  thinned  on  the  limbs  and  thickened 
on  the  axes  of  folds  within  the  competent  arch.  Thus  we  may 
explain  the  great  local  thickening  of  coal-beds  along  anticlines,  and 
the  spaces  occupied  by  some  large  bodies  of  iron-ores  along  similar 
lines  of  relief  from  pressure,  as  in  the  Lake  Superior  mines. 

4.  When  a  competent  arch  is  raised  by  thrust  from  one  side,  the 
load  transferred  may  so  depress  the  resulting  syncline,  further  from 
the  force,  that  an  initial  dip  will  be  produced  in  otherwise  undisturbed 
strata;  and  this  dip  will  rise  to  a  bend  from  which  a  new  anticline 
may  be  developed.     This  anticline  is  a  result  of  the  first,  and  may 


Fig.  5. 
Model  K. 
Size,  superincumbent  load  and 
manner    of    compression    as    in 
preceding  Figs.    This  model  was 
made  to  represent  a  syncline  of 
position,  formed  by  thinly-bedded 
deposits  on  a  massive  layer  (white  in 
the  model),  which  rested  on  a  softer 
base.      The  white  layer  is  medium 
soft  (wax  9,  plaster  9,  turpentine  4 
parts) ;  all  the  rest  is  soft,  like  J,  Fig. 
4.     Here  the  initial  dip  determined 
the  anticline;  shear-faults  were  devel- 
oped m  the  softest  (butter-like)  ma- 
terial;    and    overturned    dips    were 
produced  in  the  complex  folds  over 
the  single  arch. 
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be  called  "  subsequent,"  in  distinction  to  original  folds.  Since  sub- 
sequent folds  are  simply  competent  structures,  their  size  will  be 
determined  by  conditions  of  thickness  and  load,  and  for  like  con- 
ditions they  should  be  equal ;  and  they  must,  in  consequence  of 
conditions  of  development,  be  parallel  to  the  original  fold  and  to 
each  other.  An  example  of  an  original  fold  with  its  subsequent 
anticlines  is  the  Nittany  arch  and  the  group  of  parallel  anticlines, 
which  lie  southeast  of  it,  extending  northeast  from  the  Broad  Top 
basin. 

Some  Applications. 

The  law  which  governs  the  development  of  competent  anticlines 
may  be  called  the  law  of  competent  structures,  and  the  conclusions 
which  follow  are  corollaries  to  it.  The  application  of  the  law  may, 
I  think,  have  its  value  for  engineers  engaged  in  planning  work 
ahead  in  partly  explored  ground.  So  long  as  folds  are  unexplained 
phenomena,  we  must  accept  them,  and  "go  it  blind"  in  under- 
ground work  ;  but  if  they  can  be  shown  in  any  specific  instance  to  be 
primarily  related  to  the  varying  thickness  of  sedimentary  deposits  and 
to  have  been  produced  by  thrust,  transmitted  predominantly  by  one 
or  another  stratum,  we  have  a  clue  which  may  solve  the  mechanical 
problem  of  the  extent  and  form  of  the  structure.  And  if  we  under- 
stand the  mechanics  of  the  process  of  folding,  we  should  be  able  to 
use  that  knowledge  advantageously  in  anticipating  lines  of  greater 
pressure  or  of  relief,  along  which  such  deposits  as  those  of  coal  are 
pinched  or  swelled. 

But  the  practical  application  of  any  such  law  is  always  a  question 
of  the  facts  in  the  individual  case,  and  is  valuable  in  proportion  to 
specific  knowledge  in  that  case.  I  will  therefore  not  pursue  that 
possibility,  but  will  close  with  a  reference  to  general  theories  of  the 
cause  of  Appalachian  compression.  There  are  three  important 
theories,  each  of  which  has  been  proposed  as  sufficient  in  itself  to 
account  for  the  complex  phenomena,  and  to  each  of  which  that  suf- 
ficiency has  been  denied  by  its  opponents.  They  are  :  the  theory 
of  contraction  of  the  earth's  crust  by  secular  cooling;  the  theory  of 
expansion  of  the  zone  of  great  sediments  by  rise  of  the  isogeotherms  ; 
and  the  theory  of  isostatic  adjustment.  The  first  assumes  that  the 
earth's  cooling  mass  shrinks,  and  that  the  crust  deprived  of  support 
must  collapse ;  the  second  assumes  that  strata  sinking  into  the  earth's 
hotter  mass  must  expand  and  wrinkle;  the  third  assumes  that  the 
transfer  of  material  from  land  to  sea  must  set  up  a  return  flow  of 
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rock  at  great  depth,  to  restore  the  equilibrium  of  the  earth's  mass, 
and  that  this  flow  would  drag  the  submarine  sediments  landward, 
thus  folding  them.  It  is  probable  that  singly  no  one  of  these  could 
accomplish  what  its  distinguished  supporters  claim  for  it ;  yet  each 
is  a  true  cause;  and,  combined,  they  may  give  a  satisfactory  hypoth- 
esis.    I  venture  a  provisional  attempt  at  such  a  combination. 

It  is  necessary  to  accept,  as  a  fact  for  which  no  reason  can  be  given, 
the  existence  of  a  continent  throughout  the  Paleozoic  age,  stretching 
away  to  the  southeast  from  the  present  range  of  the  Blue  Ridge,  and 
of  a  sea  extending  to  the  northwest,  800  miles,  across  to  the  Isle 
Wisconsin.  Degradation  progressed  upon  the  continent,  and  the 
resulting  sands  and  muds  were  deposited  in  the  sea,  the  greater  part 
falling  in  a  belt  a  few  miles  wide  along  the  shore  ;  organic  life  con- 
tributed to  these  deposits  ;  and  their  nature  varied  according  to  the 
character  and  amounts  of  mechanical  and  organic  sediment.  After 
these  beds  had  hardened  into  stone,  their  rigidity  differed  according 
to  their  original  composition  and  lamination ;  and,  in  consequence 
of  unequal  deposits  over  adjacent  areas,  the  deeper  strata  subsided 
unequally,  producing  initial  dips  and  synclines  of  deposition.  In 
the  depths  of  the  latter  the  temperature  of  the  strata  rose  as  they 
sank,  and  the  consequent  expansion  resulted  in  the  beginning  of 
more  complex  folding.  The  isostatic  condition  of  the  earth's  crust 
demanded  that  compensation  should  be  made  to  the  continental  area 
for  the  load  taken  from  it  to  form  these  subsiding  lenses;  and  a 
deep-seated  flow  was  set  up  landward,  a  movement  sufficient  to  re- 
store elevation  to  the  continent,  which  must  otherwise  have  remained 
at  rest  when  degraded  to  base-level.  During  the  period  of  sediment- 
ation, which  ultimately  set  up  isostatic  adjustment,  there  was  contin- 
uous shrinking  of  a  nucleus,  cooling  beneath  the  accumulating  strata  ; 
and  a  corresponding  compression -strain  existed  in  them,  without 
determinate  direction  or  effect.  Here  were  three  continuous,  growing 
conditions :  sedimentation,  isostatic  adjustment,  and  contraction. 
There  came  a  time  when  isostasy  gave  the  direction,  and  contraction 
gave  the  force,  to  a  movement  of  the  submarine  earth's  crust  toward 
the  land,  a  movement  extending  seaward  far  beyond  the  zone  of 
maximum  sedimentary  deposits,  now  folded,  and  including  strata 
of  great  extent,  now,  as  then,  flat. 

Beginning  at  the  southeast,  where  isostatic  adjustment  first  gave  to 
contraction  effective  direction,  the  movement  spread  indefinitely 
northwestward  until  the  superficial  flow  from  northwest  to  southeast 
included,  perhaps,  ten  degrees  of  arc  of  the  earth's  circumference. 
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Let  us  pause  a  moment  to  grasp  clearly  the  rate  and  magnitude 
of  this  movement.  Originating  in  the  slow  growth  of  deep- 
seated  isostatic  adjustment,  and  of  contraction,  the  development 
must  have  been  so  gradual  as  scarcely  to  become  effective  until  after 
the  lapse  of  geologic  ages  ;  and  yet  the  force  was  of  an  intensity  so 
pronounced,  and  involved  masses  so  prodigious,  that  it  must  have  be- 
come irresistible.  Whatever  the  resistance  opposed  to  it,  this  pressure 
would  gather  until  it  was  just  greater;  then,  without  violence  and 
without  shock,  the  opposed  masses  would  yield. 

Athwart  this  flow  lay  the  off-shore  zone  of  maximum  sedimentary 
deposits,  which  must  receive  and  yield  to  the  force,  because  it  lay  along 
the  southeastern  limit  of  isostatic  adjustment,  against  the  relatively 
more  resistant  crystalline  continent,  and  because  the  strata  of  this 
zone  were  already  deflected  from  the  direction  of  tangential  thrust, 
and  therefore  were  weak  in  opposition  to  it. 

Co-extensive  with  the  area  of  movement  and  the  zone  of  initial 
flexure,  was  the  great  Cambro-Silurian  limestone,  tougher,  more 
massive  and  more  continuous  than  any  other  stratum  of  the  Paleo- 
zoic series.  It  transmitted  the  pressure,  as  none  other  could  ;  it  de- 
pressed synclines  of  deposition  and  competently  raised  all  upward 
convex  curves  into  anticlines.  To  its  dominant  influence  in  the 
mechanical  reactions  of  the  process  is  due  the  grand  simplicity  of 
the  resulting  structure ;  and  the  broad  distinctions  which  divide  the 
province  into  districts  of  folding  or  faulting  may  be  traced  to  im- 
portant stratigraphic  conditions,  which  influenced  the  effect  of  de- 
formation of  this  most  important  member. 

Two  facts  of  dip  have  been  dwelt  on  by  all  who  have  described 
Appalachian  structure :  the  prevalence  of  southeastern,  and  the 
steepness  of  northwestern,  dips.  One  result  of  unequal  deposition 
was  to  produce  a  long  shoreward  (in  the  Appalachians,  southeast- 
ward) initial  dip  ;  and  pressure  from  the  northwest  increased,  but  ■ 
never  overturned,  dips  in  the  direction  of  its  advance.  Northwest- 
ern dips,  on  the  contrary,  whether  original  or  subsequent,  held  the 
position  of  a  limb  revolved  by  opposing  thrusts,  and  were  turned  to 
vertical ity  or  overthrown. 

If  the  hypothesis  which  I  have  stated  be  correct,  Appalachian 
folding  began  at  the  time  when  deposition  caused  isostatic  adjust- 
ment, and  adjustment  localized  and  directed  contraction.  It  paused 
when  contraction  wassatisfied,  and  deposition  then  recommenced  the 
process.  It  ceased  altogether  when  deformation  transferred  the 
scene  of  deposition  to  another  sea.      Before  that  happened,  how 
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often  did  the  three  causes  produce  their  successive  effects?  It  is  a 
question  we  may  be  able  to  answer  when  the  data  are  all  gathered ;  but 
the  fact  that  it  is  yet  unanswered,  that  we  do  not  know  the  progress 
of  dynamic  movements  during  Appalachian  history,  is  but  one  illus- 
tration of  our  ignorance  of  a  province  which  has  been  studied  for 
decades,  but  still  remains  a  rich  field  for  geologic  research. 
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BY  JAMES  HALL,  LL.D.,  STATE  GEOLOGIST. 

(Remarks  made  upon  invitation  of  the  Council,  at  the  Lake  Champlain,  Plattsburgh, 
Meeting,  October,  1892.) 

A  GEOLOGICAL  map  of  a  State  involves  very  much,  and  its  pre- 
sentation to  the  public  incurs  grave  responsibilities.  It  has  been  for 
a  long  time  my  earnest  desire  to  bring  out  and  place  before  the  pub- 
lic a  geological  map  of  New  York  which  might  be  creditable  to  the 
State  and  worthy  of  a  place  among  her  scientific  publications.  We 
have  done  much  for  the  advancement  of  geological  science  in  this 
State — very  much,  and  in  many  directions — but  unfortunately,  this 
feature,  which  should  have  been  made  the  basis  of  all  our  work,  has 
been  too  long  neglected  and  delayed.  For  twenty-five  years  I  have 
been  laboring  and  looking  forward  to  this  consummation.  I  have 
recorded  the  field-work,  systematic  and  desultory,  upon  such  maps 
as  were  available  for  this  use ;  and  notwithstanding  their  imperfec- 
tion, I  have  been  able  to  transfer  this  recorded  information  to  a  more 
perfect  base,  which  it  is  hoped  will  be  completed  during  the  early 
months  of  the  next  year. 

In  1883  I  had  combined,  upon  a  small  map  of  the  State,  the  in- 
formation which  we  })ossessed  at  that  time,  and  communicated  the 
same  with  my  annual  report  to  the  Legislature.  The  report  was 
published  in  the  regular  course,  but  the  special  appropriation  made 
for  the  map  was  vetoed  by  the  Governor. 

Not  discouraged  by  this  untoward  and  unexpected  circumstance, 
I  continued  my  work,  and  made  every  effort  to  render  the  map  more 
complete,  preparatory  to  its  communication  with  the  next  animal 
report.  I  brought  together  all  the  information  within  my  reach, 
whether  published  or  unpublished,  reviewing  and  revising,  as  far  as 
practicable,  the  work  done  by  myself  and  assistants  in  southern  and 
southeastern  New  York. 
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Up  to  the  autumn  of  1884  I  had  been  working  alone,  unaided, 
without  any  means  whatever  from  the  State,  to  complete  the  field- 
work,  and  to  bring  together  the  knowledge  which  we  had  gained 
from  various  sources,  and  that  which  I  had  acquired  from  my  own 
investigations,  and  from  assistants  employed  on  my  personal  account, 
with  the  purpose  to  embody  the  whole  in  a  geological  map  of  the 
State.  At  this  juncture,  I  having  no  one  to  act  as  cartographer. 
Major  Powell,  with  characteristic  liberality,  sent  Mr.  McGee,  the 
cartographer  of  the  United  States  Geological  Survey,  to  Albany,  and 
for  some  weeks  we  worked  together  upon  the  preparation  of  the  map, 
with  the  data  which  had  been  accumulated,  as  stated  above. 

As  the  work  progressed,  it  was  found  that  the  base-map  previously 
used  was  quite  inadequate  for  the  purpose  of  laying  down  the  limits 
of  the  geological  formations  with  the  necessary  degree  of  accuracy; 
and  a  new  base  was  begun  and  finally  constructed  under  the  auspices 
of  the  United  States  Geological  Survey  office,  and  under  the  super- 
vision of  Mr.  McGee.  Upon  this  map  was  laid  down  the  geology 
of  the  State  so  far  as  accurately  or  approximately  determined.  The 
title  of  this  map  is  : 

Preliminary  Geologic  Map 

of 

NEW  YORK, 

Exhibiting  the  Structure  of  the  State  so  far  as  known. 

Prepared  under  the  Supervision 

of 

JAMES  HALL, 

State  Geologist, 

by 

W.   J.  McaEE. 

Scale,  ]  :  300,000. 
1885. 

To  which  I  have  added  the  following  legend : 

"  Engraved  and  colored  by  direction  of  J.  W.Powell,  Director  of  the  United  States 
Geological  Survey,  for  the  use  of  the  State  Geologist  of  New  York,  for  his  report  of 
1884,  being  the  map  referred  to  in  a  resolution  of  the  Regents  of  the  University  of 
the  State  of  New  York,  January  7,  1885,  and  afterwards  communicated  to  the  Leg- 
islature in  Februaryj  1885,  with  the  annual  report  of  the  State  Geologist  for  the 
year  1884." 

This  map,  in  its  manuscript  form,  was  brought  before  the  Board 
of  Regents  in  January,  1885,  with  the  statement  that  the  Director 
of  the  United  States  Geological  Survey  had  offered  to  co-operate 
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with  the  State  Geologist  of  New  York  in  the  preparation  of  a  geo- 
logical map  of  the  State.  In  response  to  this  proposition  of  Major 
Powell,  the  following  resolution  was  passed  on  January  7,  1885: 

"  Resolved,  That  the  Director  of  the  Museum  be  authorized  to  arrange  with  the 
Director  of  the  United  States  Geological  Survey  to  co-operate  with  hina  in  the  work 
of  perfecting  a  geological  map  of  the  State  of  New  York,  and  that  in  the  meantime 
the  director  be  authorized  to  transmit  a  copy  of  the  map  in  its  present  state  to  the 
Legislature  for  publication  as  a  preliminary  geological  map." 

A  copy  of  this  map  was  communicated  to  the  Legislature  in  Feb- 
ruary, 1885,  with  my  annual  report  for  1884  ;  and  an  appropriation 
was  made  for  its  publication,  which  shared  the  fate  of  the  preceding 
one. 

Encouraged  by  the  action  of  the  Regents  of  the  University,  Mr. 
McGee,  with  the  approval  of  Major  Powell,  began  the  preparation 
of  a  map  more  elaborate  in  character,  and  upon  a  larger  scale,  than 
that  already  presented  to  the  regents  and  the  Legislature.  It  was 
distinctly  understood  that  this  resolution  of  co-operation  contem- 
plated the  appropriation  of  some  means  for  carrying  on  field-work 
in  portions  of  the  State  requiring  special  attention,  before  we  could 
consistently  make  use  of  this  map  for  laying  down  the  limits  of  the 
geological  formations.  But  while  money  was  lavishly  spent  for 
almost  everything  else,  none  was  ever  allowed  for  the  geological 
map ;  and  I  was  again  thrown  upon  my  own  resources.  In  the 
meantime,  however,  the  work  on  the  base-map  was  progressing  at 
Washington,  though  latterly  almost  abandoned  because  of  the  appa- 
rent apathy  on  the  part  of  the  State  as  to  the  result.* 

However,  the  map  is  now  so  far  advanced  that  I  am  able  to  pre- 
sent you  a  copy  of  the  base,  though  in  a  very  incomplete  condition 
and  without  coloring,  together  with  the  western  portion  of  the  same 
map,  colored  geologically  according  to  our  knowledge  of  a  few  years 
ago. 

There  has  been  no  time  in  the  past  when  I  could  have  presented 
to  your  society  the  results  of  many  years  of  labor,  with  the  expres- 
sion of  any  hope  for  the  completion  and  publication  of  the  work  ; 
but  I  feel  that  the  history  of  our  struggles  and  trials  may  now  be 
forgotten,  and  that  the  completion  of  the  geological  map  of  New 
York  is  assured.     During  the  past  session  of  the  Legislature  an  Act 

*  I  think  it  should  be  known  to  the  Institute  that  the  expenses  already  incurred 
by  the  United  States  Geological  Survey  in  the  preparation  of  this  base-map  have 
been  fully  $7000,  while  up  to  this  year  the  State  of  New  York  has  expended  noth- 
ing in  co-operation. 
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was  passed  making  an  appropriation  of  money  sufficient  to  pay  for 
the  engraving  of  the  map,  and  leaving  a  small  sum  available  for  the 
completion  of  some  necessary  field-work. 

Major  Powell  has  offered  the  preparation  of  the  color-plates  by 
the  United  States  Geological  Survey,  so  that  our  arrangements 
for  the  publication  of  the  map  have  been  essentially  completed. 
But  it  should  not  be  considered  that  the  work  will  be  complete  with 
this  publication,  and  that  there  will  be  no  need  of  further  geological 
investigation.  It  will  require  much  more  time  and  ampler  data 
before  we  can  publish  a  complete  geological  map  of  the  State  of 
New  York. 

I  may  here  say  a  few  words  with  regard  to  the  coloring  of  geo- 
logical maps  and  their  method  of  publication.  There  are,  as  yet,  in 
our  country  very  few  large  areas  so  thoroughly  investigated  that 
every  part  can  be  colored  from  actual  observation,  and  yet  nearly  all 
these  areas  have  been  colored  upon  the  published  geological  maps. 
It  has  been,  and  still  is,  the  practice  to  extend  the  coloration  over 
entire  areas,  where,  in  fact,  only  portions  of  the  same  are  absolutely 
known.  The  remainder  is  given  from  inference,  and  usually  is 
approximately  correct  where  the  strata  are  undisturbed  and  obser- 
vations have  been  made  on  two  or  more  sides  of  an  unexplored 
area,  but  in  disturbed  regions  such  inferential  coloration  may  go 
very  wide  of  the  mark.  In  order  to  illustrate  this  point  I  have 
brought  here  and  placed  before  you  a  geological  map  of  the  State 
of  New  York,  published  in  1843.  You  will  observe  that  the  col- 
oration extends  over  the  entire  State,  expressing  the  idea  that  the 
geology  was  fully  and  entirely  known.  It  is  true  that  we  did  know 
the  formations  in  a  general  way,  their  order  of  succession  and  the 
areas  occupied  by  each  one  of  the  groups  of  strata;  but  there  were 
many  areas  of  considerable  extent  remaining  undetermined,  which 
have  since  employed  the  time  and  earnest  work  of  many  geologists. 
To  the  student,  however,  this  map  represents  the  work  as  complete 
and  finished,  leaving  nothing  to  be  done  in  the  way  of  original  in- 
vestigation. You  will  observe  that  this  area  (referring  to  the  map), 
which  is  the  Adirondack  region,  is  entirely  colored,  and  that  the 
surrounding  formations  are  also  carefully  colored  in,  leading  the 
student  of  the  map  to  infer  that  the  geology  is  fully  known ;  but 
with  your  knowledge  of  to-day,  you  will  at  once  say  that  this  is  an 
erroneous  map,  and  that  it  is  not  colored  in  accordance  with  what  is 
now  known  of  this  region  of  country.  This  map  was  published 
many  years  ago,  at  a  time  when  it  was  thought  necessary  that  every 
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portion  of  a  geological  map  should  be  colored.  For  more  than 
twenty-five  years  we  have  been  looking  for  a  better  state  of  things ; 
while  endeavoring  to  complete  a  geological  map  of  the  State,  we 
have  grown  wiser  as  well  as  more  courageous,  and  we  are  to-day 
ready  to  admit  that  there  are  certain  areas  of  country  within  our 
State  in  which  we  are  not  prepared  to  color  the  geological  formations 
with  accuracy. 

For  the  endeavor  to  complete  a  geological  map  of  New  York 
there  were  other  reasons  besides  that  of  giving  to  the  people  of  the 
State  an  accurate  idea  of  the  nature,  extent  and  limits  of  the  several 
geological  formations.  Since  New  York,  in  her  geological  survey, 
has  taken  precedence,  and  has  given  a  nomenclature  to  the  science, 
which  the  people  of  the  State  have  been  ambitious  to  preserve,  it 
has  seemed  that  there  was  no  way  of  sustaining  this  nomenclature 
except  by  constantly  reinforcing  and  extending  our  knowledge  and  by 
perfecting  what  we  knew  in  every  way  in  our  power.  This  has  been 
mainly  done  through  palaeontology,  which,  for  fossil iferous  rocks,  is  the 
only  guide  we  can  follow.  As  I  am  speaking  to  gentlemen  who  are 
engaged  more  particularly  in  mining  operations,  perhaps  the  general 
features  of  the  geology  of  the  State  and  its  nomenclature  may  not 
interest  you  so  much  ;  but  it  is,  after  all,  of  importance  for  you  to 
know  what  has  been  done  in  the  State  of  New  York  in  its  relation 
to  the  geology  of  other  States.  With  regard  to  this  nomenclature 
used  in  the  geological  survey  of  the  State  of  New  York,  which  is 
now  generally  adopted  in  the  United  States,  and  has  entered  into 
the  literature  of  the  civilized  world,  I  believe,  with  scarcely  a  dis- 
sent (of  course,  there  have  been  modifications  and  additions,  from 
the  increase  of  knowledge,  and  because  we  have  seen  fit  to  modify  it 
for  reasons  that  add  to  our  convenience  in  the  use  of  terms),  I  may 
say  that  this  nomenclature  of  New  York,  in  its  earlier  history,  soon 
after  its  promulgation,  and  before  it  had  been  fully  adopted,  was, 
without  doubt,  best  sustained  through  the  medium  of  a  geological 
map  of  the  Middle  and  Western  States  (now  before  you),  however 
imperfect  it  may  have  been,  which  was  circulated  at  the  close  of  the 
geological  survey  of  New  York.  Upon  this  map  was  represented 
the  result  of  the  first  attempt  to  correlate  the  formations  of  New 
York  with  those  of  other  States.  The  work  there  represented  has 
been  the  basis  of  comparison  ever  since;  and  although  many  modifi- 
cations have  been  made  by  reason  of  information  subsequently  ob- 
tained, yet  that  is  the  basis  upon  which  we  have  worked  in  our 
comparisons  of  the  eastern  and  western  geological  formations. 
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This  map  of  New  York  which  I  now  show  you  is  merely  a  skel- 
eton and  not  a  finished  map,  and  it  is  one  of  the  best  maps  which 
has  been  made  in  this  country.  I  have  not  a  finished  copy  here  to 
show  you,  but  one  of  your  members  has  seen  the  map  in  Washing- 
ton, and  knowing  its  condition  and  progress,  can  tell  you  how  com- 
plete it  is  in  all  its  details. 

By  the  side  of  the  uncolored  map  I  have  placed  a  sheet  which 
has  been  colored  geologically.  This  is  the  western  portion  of  the 
same  map,  and  these  are  the  colors  which  will  be  generally  adopted. 
Although  it  is  more  than  forty  years  since  the  geological  survey  of 
New  York  was  ostensibly  completed  and  the  so-called  official  reports 
were  published,  yet  there  are,  as  I  have  just  now  told  you,  areas  of 
country  of  which  we  still  know  too  little  to  represent  them  by  appro- 
priate colors  upon  the  map.  Upon  this  colored  sheet  you  will  ob- 
serve I  have  left  blank  spaces,  and  in  other  portions  there  will  be 
left  still  larger  blank  spaces.  The  State  of  New  York  has  made 
provision  for  publishing  this  map,  and  the  leaving  of  spaces  uncol- 
ored will  indicate  areas  in  which  further  investigations  are  to  be 
made.  To  color  a  map  entirely  gives  the  impression  that  every- 
thing has  been  done  by  way  of  investigation  that  need  be  done.  It 
does  not  suggest  to  the  student  the  areas  where  he  can  work  to  ad- 
vantage, whereas  the  uncolored  portions  of  the  map  will  tell  him 
that  those  are  portions  comparatively  unknown,  and  where  he  can 
work  to  the  best  advantage.  We  have,  therefore,  for  the  first  time 
on  a  State  map,  as  far  as  I  know,  determined  to  leave  certain  por- 
tions of  the  country  uncolored  until  we  know  them  better.  The 
blank  spaces  existing  indicate,  first,  those  areas  in  the  southern-cen- 
tral and  western  parts  of  the  State  about  which  we  have  not  suffi- 
cient information  to  represent  the  rock-formations  in  colors,  but 
which  we  hope  to  have  filled  up  from  field-examinations  before  the 
publication  of  the  map;  and,  secondly,  the  region  of  your  own 
neighborhood  (pointing  to  northern  New  York).  In  this  Adiron- 
dack region  the  areas  of  Silurian  and  Cambrian  rocks  are  indicated 
as  far  as  we  know  them,  but  large  and  irregular  areas  at  the  junction 
with  the  Laurentian,  which  we  do  not  know  sufficiently,  will  be  left 
uncolored.  These  may  be  filled  up  from  the  investigations  of  those 
who  coaie  after  the  present  generation  shall  have  done  its  work, 
because  it  is  not  possible  to  make  a  complete  geological  map  of  a 
State  like  New  York  for  many  years  to  come. 

To  an  audience  of  mining  engineers  it  would  be  quite  superfluous 
to  speak  of  the  objects  and  purposes  of  a  geological  map.     To  the 
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general  public  such  maps  are  not  as  well  known  and  appreciated  as 
they  should  be,  but  a  better  system  of  education  will  teach  the 
younger  generation  their  value.  A  geological  map  of  the  State  of 
New  York  should  be  seen  in  every  high  school,  normal  school  and 
college  of  the  State,  as  a  necessary  adjunct  to  the  teaching  of  geology 
and  natural  history  in  those  institutions,  as  well  as  to  give  the  stu- 
dent an  absolute  knowledge  of  the  nature  of  the  rock-formations 
upon  which  he  dwells.  Such  a  map  of  our  State  would  be  far 
more  important  in  our  district  schools  than  some  of  the  maps  which 
ornament  their  walls  at  the  present  time. 

This  map  will  represent  in  general  terms  essentially  the  degree  of 
completeness  of  our  knowledge  of  the  succession  and  geographic 
distribution  of  the  rock-formations  which  constitute  the  most  com- 
plete known  Palaeozoic  series  from  the  Laurentian  to  the  Coal 
Measures.  It  will  fortify  and  sustain  the  nomenclature  which  we 
have  long  ago  proposed,  and,  with  its  kindred  publications,  present- 
ing the  completeness  of  the  series  of  rock-formations  in  their  physical 
and  biological  aspects,  will  form  the  undisputed  foundation  of  a 
geological  nomenclature  for  the  United  States  and  Canada. 

Discussion. 

T.  GuiLFOED  Smith,  Buffalo,  N.  Y. :  The  Geological  Survey  of 
New  York,  which  has  led  to  the  preparation  of  the  geological  map 
under  consideration,  is  now,  by  the  law  of  1889,  a  part  of  the  work 
of  the  New  York  State  Museum,  at  Albany,  which,  by  the  same 
law,  became  a  department  of  the  University  of  the  State  of  New 
York. 

The  Regents'  Standing  Committee  on  the  State  Museum  consists 
of  T.  Guilford  Smith,  Chairman  ;  the  Lieutenant-Governor,  William 
L.  Bostwick ;  the  Superintendent  of  Public  Instruction,  Daniel 
Beach;  Willard  A.  Cobb;  Carroll  E.  Smith. 

The  scientific  staff  is  as  follows :  James  Hall,  M.A.,  LL.D  ,  Di- 
rector, State  Geologist  and  Palaeontologist;  F.  J.  H.  Merrill,  Ph.D., 
Assistant  Director  and  Assistant  State  Geologist ;  Charles  H.  Peck, 
M. A.,  State  Botanist;  J.  A.  Lintner,  Ph.D.,  State  Entomologist; 
John  M.  Clarke,  M.A.,  Assistant  Palaeontologist;  William  B. 
Marshall,  M.S.,  A.ssistant  Zoologist. 

As  the  present  quarters  of  the  Museum  are  quite  inadequate  to  its 
proper  development  and  efficient  working,  the  fifth  floor  of  the  Capi- 
tol has  been  assigned  to  its  use.  Since  the  new  quarters  are  not  yet 
completed,  most  of  the  museum  remains  on  the  four  floors  of  Geo- 
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logical  hall  on  State  street,  corner  of  Lodge.  Here  are  the  collec- 
tions in  mineralogy,  geology,  palaeontology,  zoology  and  ethnology, 
and  the  offices  of  the  assistant  director  and  assistant  State  geologist, 
and  of  the  assistant  zoologist.  The  geologist,  palaeontologist  and. 
botanist  have  their  offices  in  State  hall  on  Eagle  street,  and  the  en- 
tomologist in  the  northeast  section  of  the  fourth  floor  of  the  Capitol. 
The  museum  is  constantly  increased  by  gifts  and  by  annual  grants 
from  the  Legislature.  It  is  open  to  the  public  from  9  a.m.  till  5 
P.M.,  daily,  except  Sundaj^s,  including  vacations,  Saturday  after- 
noons and  all  other  holidays. 

The  following  list  of  publications  of  the  State  Museum  and  the 
State  Geological  and  Natural  History  Survey  may  be  of  interest  to 
members  of  the  Institute : 

Natural  history.     New  York  State.     Natural  history  of  New  York. 
28  v.  il.  pi.  maps,  4to.,  Albany.     1842-88. 
Divisions  1-5  out  of  print. 
Division  1,  De  Kay,  J.  E.     Zoology.     5  v.  pi.     1842-44. 
"        2,  Torrey,  John.     Botany.     2  v.     1843. 
"        3,  Beck,  L.  C.      Mineralogy.      24  -|-  536  p.  il.  pi. 

1842. 
"        4,  Mather,  W.  W. ;  Emraons,  Ebenezer;  Vanuxem, 
Lardner;  and  Hall,  James.     Geology.     4  v.  pi. 
maps.     1842-43. 
"         5,  Emmons,  Ebenezer.     Agriculture.     5  v.  il.  maps. 
1846-54. 

Division   6,    Palseontology.     Hall,    James.     Palaeontology    of  New 
York.     il.  pi.  sq.  4to.,  Albany.     1847-date.     Bound  in 
cloth. 
V.  1,  Organic  remains  of  the  lower  division  of  the  New  York 

system.  23  +  338  p.  99  pi.  1847.  Out  of  print, 
v.  2,  Organic  remains  of  the  lower  middle  division  of  the  New 
York  system.  8  +  362  p.  104  pi.  1852.  Out  of  print. 
V.  3,  Organic  remains  of  the  Lower  Helderberg  group  and  the 
Oriskany  sandstone,  pt.  1,  text.  12-1-532  p.  1859. 
Price,  $2.50. 

pt.  2,  143  plates.     1861.     Price,  $2.50. 

V.  4,  Fossil  brachiopoda  of  the  Upper  Helderberg,  Hamilton, 
Portage  and  Chemung  groups.  11  -j-  1  +  428  p.  69  pi. 
1867.     Price,  $2.50. 
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V.  5,  pt.  1,  Lamellibranchiata,  1.  Monomyaria  of  the  Upper 
Ilelderberg,  Hamilton  and  Chemung  groups.  18  +  268 
p.  45  pi.     1884.     Price,  $2.50. 

Lamellibranchiata,  2.     Dimyaria  of  the  Upper  Hel- 

derberg,  Hamilton,  Portage  and  Chemung  groups.  62 
+  293  p.  51  pi.     1885.     Price,  $2.50. 

pt.  2,   Gasteropoda,  pteropoda  and   cephalopoda   of  the 

Upper  Helderberg,  Hamilton,  Portage  and  Chemung 
groups.  2  V.  1879.  v.  1,  text,  15  +  4- 2  p.  v.  2, 
120  plates.     Price,  $2.50  for  2  v. 

V.  6,  Corals  and  bryozoa  of  the  Lower  and  Upper  Helderberg 
and  Hamilton  groups.  24  +  298  p.  67  pi.  1887. 
Price,  $2.50. 

V.  7,  Trilobites  and  other  Crustacea  of  the  Oristany,  Upper 
Helderberg,  Hamilton,  Portage,  Chemung  and  Catskill 
groups.  64  +  236  p,  46  pi.  1888.  Cont.  supplement 
to  V.  5,  pt.  2.  Pteropoda,  cephalopoda  and  annelida. 
42  p.  18  pi.     1888.     Price.  $2.50. 

V.  8,  pt.  1,  Introduction  to  the  study  of  the  genera  of  the  palae- 
ozoic brachiopoda.     Price,  $2.50. 

pt.  2.     In  progress. 

Museum  reports.     New  York  State  Museum.     Annual  report,  1847 
-date.     pi.  8vo.     Albany,  1848-date. 

Average  250  pages  a  year.     Price  for  all  now  in  print,  50  cents  a 
voliirae  in  paper  ;  75  cents  in  cloth. 

Museum  bulletins.     University  of  the  State  of  New  York.     Bulletin 
of  the  New  York  State  Museum,     v.  1-2,  8vo.     Albany, 
1887-date. 
Price  to  advance  subscribers,  50  cents  a  volume. 

Volume  1.     6  Nos.    Price,  $1  in  cloth. 

1,  Marshall,  W.  B.     Preliminary  list  of  New  York  unionidte. 

91  p.     March,  1892.     Price,  5  cents. 

2,  Peck,  C.  H.     Contributions  to  the  botany  of  the  State  of 

New  York.     66  p.  2  pi.     May,  1887.     Price,  15  cents. 

3,  Smock,  J.  C.     Building-stone  in   the  State  of  New  York. 

152  p.     March,  1888.     Price,  30  cents. 

4,  Nason,  F.  L.     Some  New  York  minerals  and  their  localities. 

19  p.  1  pi.     August,  1888.     Price,  5  cents. 

5,  Lintner,  J.  A.     White  grub  of  the  May  beetle.     31  p.  il. 

November,  1888.     Price,  10  cents. 
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6,  Lintner,  J.  A.     Cut-worms.     36  p.  il.     November,  1888. 

Price,  30  cents. 

Price  to  advance  subscribers,  50  cents  a  volume. 

Volume  2.     4  nos.     Price,  $1  in  cloth. 
The  first  six  bulletins  are  paged  independently  ;  the  numbers  of  v.  2 
are  paged  continuously  as  a  single  volume. 

7,  Smock,  J.  C.     First  report  on  the  iron  mines  and  iron-ore 

districts  in  the  State  of  New  York.     5  +  70  p.     Map 
58  +  60  era.     June,  1889.     Price,  20  cents. 

8,  Peck,  C.  H.     Boleti  of  the  United  States.     96  p.     Septem- 

ber, 1889.     Price,  20  cents. 

9,  Marshall,  W.  B.     Beaks  of  unionidse  inhabiting  the  vicinity 

of  Albany,  N.  Y.  23  p.  1  pi.  August,  1890.  Price, 
10  cents. 
10,  Smock,  J.  C.  Building-stone  in  New  York.  210  p.  Map 
58  +  60  cm.  tab.  September,  1890.  Price,  40  cents. 
Museum,  memoirs.  University  of  the  State  of  New  York.  Memoirs 
of  the  New  York  State  Museum,  v.  1,  4to.  Albany, 
1889. 

Uniform  with  the  palaeontology. 
1,  Beecher,  C.  E.  and  Clarke,  J.  M,     Development  of  some 
Silurian  brachiopoda.      95   p.   8  pi.      October,   1889. 
Price,  80  cents. 


THE  ZEEHAN  AND  DUNDAS  SMELTING- WOBKS, 
TASMANIA. 

BY  GEORGE  F.  BEARDSLEY,  ZEEHAN,  TASMANIA. 

(Schuylkill  Valley  Meeting,  Reading,  October,  1892.) 

The  silver-fields  of  Zeehan  and  Dundas  are  located  on  the  "  West 
Coast "  of  Tasmania,  30  miles  from  the  port  of  Strahan  on  the 
Macquarie  Harbor.  This  harbor  is  17  miles  long,  from  4  to  5  miles 
wide,  and  completely  landlocked.  Its  only  drawback  is  a  shallow 
bar  with  9  feet  of  water  on  it.  The  hills  on  the  western  side  of  the 
harbor  vary  from  200  to  300  feet  in  height,  and  are  all  composed  of 
quartzite  or  a  quartz  grit.  From  15  to  20  miles  back  from  the 
eastern  shore  of  the  harbor  is  a  conglomerate-capped  range  of  moun- 
tains, rising   to   the  height  of  4700  feet.     The  immediate   eastern 
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shore  is  a  wash  of  unknown  depth,  often  rising  to  a  height  of  50  or 
60  feet  above  the  water. 

A  railway  (opened  February  4,  1892),  connects  Strahau  with  the 
town  of  Zeehan,  which  is  near  the  center  of  the  Zeehau  field.  Zee- 
han  has  about  4000  inhabitants.  The  Dundas  field  is  6  miles  east 
of  Zeehan  and  connected  with  it  by  a  branch  railway.  Dundas  is  a 
growing  town,  and  has  from  500  to  600  inhabitants.  The  total 
population  in  the  two  fields  is  between  6000  and  7000. 

Both  the  Zeehan  and  Dundas  fields  are  in  a  slate-country  of  Si- 
lurian and  Upper  Silurian  age.  Fossils  are  abundant.  The  Dun- 
das field  is  traversed  by  several  dykes  of  diorite  and  serpentine,  and 
two  of  the  mines,  possibly  four,  are  on  contact-lodes.  The  extent  of 
mineral  country  now  explored  on  this  coast  is  about  10  miles  by  40. 

The  two  fields  lie,  approximately,  on  the  eastern  slope  and  foot- 
hills of  Mt.  Zeehan  (3000  feet,  with  a  conglomerate  cap),  and  the 
slope  and  spurs  of  Mt.  Dundas  (3922  feet,  with  a  granite  cap). 
Nothing  of  important  value  has  been  found  in  the  low  valley  be- 
tween the  two  fields.  To  the  southward,  the  slates  partly  disappear 
under  low  ranges  capped  with  quartzite  and  grit,  and,  after  showing 
interruptedly  for  about  10  miles,  sink  under  the  drift  sand-hills  to 
the  north  of  Macquarie  harbor. 

To  the  east  and  north  the  field  is  bounded  by  the  Heemskerk 
range  and  its  offshoots  (granite),  in  which  considerable  prospecting 
for  tin  was  done  ten  years  ago  but  with  small  resulting  output. 
The  basin  is  drained  by  the  Little  Henty  river.  The  country  is  very 
rough,  for  the  most  part  heavily  wooded ;  and  the  rainfall  is  exces- 
sive, averaging  90  inches  per  annum. 

Nearly  all  the  lodes  are  under  the  "  iron  hat,"  and  are  either  fis- 
sure or  segregated  veins.  I  am  certain  that  there  are  more  of  the 
latter  class,  both  at  Zeehan  and  Dundas,  than  have  been  credited  to 
either  district  hitherto. 

The  ore  comprises,  at  present,  but  two  classes,  carbonate  ore  and 
galena.  The  first  is  a  gossan,  generally  of  loose  texture,  but  some- 
times reaching  the  density  of  limestone.  It  is  very  low  in  silica, 
rarely  running  over  10  per  cent.,  and  averages  from  5  to  10  per 
cent,  in  manganese.  The  lead  in  all  the  oxidized  ores  will  av^erage 
25  per  cent.  Some  mines  have  dry  ores,  lower  in  lead,  but  others 
again  have  great  abundance  of  lead.  The  galena  is  for  the  most 
part  very  pure  ;  and  in  the  few  places  where  it  is  contaminated  with 
zincblende,  the  latter  occurs  in  large  and  comparatively  isolated 
crystals. 
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Some  of  the  cubical  galenas  carry  from  130  to  150  ounces  of  §ilver 
per  ton ;  while  others,  showing  smaller  crystals,  and  more  or  less 
associated  with  antimouial  minerals,  contain  only  from  10  to  25 
ounces.  The  galenas  occur  under  two  conditions;  first,  narrow 
galena  lodes,  with  little  or  no  outcrop,  capped  with  a  few  inches  of 


Fig.  2. 
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Vertical  Cross-Section  of  Furnace,  Fig.  1. 

ironstone  and  nearly  always  associated  with  more  or  less  carbonate 
of  iron  ;  secondly,  galena  occurring  under  and  penetrating  enormous 
outcrops  of  the  massive  gossan  lodes.  Solid  iron  pyrites  is  begin- 
ning to  show  in  these  at  shallow  depths.     The  lodes  of  the  first 
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class  have  a  tendency  to  split  into  small  stringers,  which  "  tail  out " 
into  the  slate-country.  Those  of  the  second  class  have  not,  as  a 
rule,  been  sufficiently  developed  to  determine  their  peculiarities. 

In  many  of  the  lodes,  both  galena  and  gossan,  limestone  is  found, 
in  one  case  in  the  form  of  dolomite. 

With  this  brief  introduction,  I  will  proceed  to  describe  the  sraelt- 
ing-works  which  constitute  the  subject  of  the  present  paper. 


The  Zeehan  and  Duudas  smelting-works  are  located  three-fourths 
of  a  mile  from  the  town  of  Zeehan  on  the  Zeehan  and  Dundas  rail- 
road. The  site  is  a  sloping  hill-side,  and  the  works  are  laid  out 
with  the  view  of  saving  the  greatest  possible  amount  of  labor  in 
handling  the  ore.  A  siding  28  chains  in  length,  with  a  grade  of  1 
in  40,  connects  the  works  with  the  main  line.  The  ore  is  received 
in  cars  at  the  railroad  platform,  a  covered  structure  25  by  80  feet  in 
size.     It  is  shoveled  directly  from  the  cars  into  barrows,  weighed, 
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wheeled  over  the  ore-beds,  dumped  and  spread  in  layers.  The 
sample  is  taken  by  reserving  every  fifth  shovelful  in  small  lots,  and 
every  tenth  shovelful  in  large  lots.  There  are  four  ore-beds,  each 
60  feet  long,  20  wide  and  14  deep,  and  holding  about  1000  tons.  In 
front  of  the  beds,  separated  by  a  10-foot  passage-way,  are  the  fuel- 
and  flux-bins,  which  are  of  sufficient  size  to  hold  48  hours'  supply. 
A  branch  from  the  railroad-siding  runs  directly  over  them;  they 
form  a  portion  of  the  smelter-building  and  are  roofed  over.  The 
main  smelter-building  is  a  two-story  structure,  80  by  32  feet  in  size, 
with  a  feed-floor  of  the  same  dimensions.  The  ore,  fuel,  etc.,  are 
raised  to  the  feed-floor  by  two  2-ton  belt-elevators  of  the  Otis  pat- 
tern.    The  slag-dump  is  from  17  to  20  feet  high. 

The  furnaces,  of  which  there  are  two,  measure  inside  136  by  40 
inches  at  the  tuyeres,  and  have  a  height  of  20  feet  from  ground-floor 
to  feed-floor.  Figs.  1,  2  and  4,  which  need  no  special  explanation, 
illustrate  the  construction.  The  foundations  are  of  cement  concrete, 
6  feet  thick,  and  rest  on  the  solid  rock.  Cement  was  used  throughout 
for  foundations  and  brickwork  (except  boiler  setting),  as  its  cost  was 
but  a  trifle  over  that  of  lime.  On  this  foundation  rests  the  crucible- 
tank  or  caisson  of  wrought-iron,  36  inches  deep.  This  is  6  or  8 
inches  higher  than  ordinary,  to  aflPord  room  for  the  separatiug-pot. 
This  caisson  is  filled  with  fire-brick,  the  crucible  and  lead-well  being 
left  as  shown.  The  form  of  the  crucible  in  cross-section,  as  near  as 
the  stepping  of  the  brick-work  will  allow,  is  an  ellipsoid,  22  inclies 
deep  by  38  inches  wide.  It  is  the  full  length  of  the  furnace,  the 
stepping  on  the  ends  being  very  short. 

The  cast-jackets  are  of  half-inch  metal,  42  inches  high  by  17 
inches  wide,  and  contain  the  opening  for  a  3J-inch  tuyere  in  the 
center  of  tlie  jacket;  the  center  of  this  tuyere  is  11  inches  from  the 
bottom.  The  overflow-lip  has  a  small  boss,  with  a  center  cast  on  it, 
which  receives  the  point  of  the  jack-screw  arrangement  for  holding 
the  jacket  in  place.  The  construction  is  shown  in  Fig.  3.  Previ- 
ous to  my  introducing  this  form  of  fastening,  the  jackets  were  held 
in  place  by  light  clips  and  a  heavy  rail-binder  running  lengthwise 
of  the  furnace.  This  binder  was  secured  at  the  ends  by  shackles 
connected  with  a  right-and-left  screw.  To  take  out  a  cracked 
jacket,  each  jacket  had  to  be  propped  with  a  wooden  prop  and  the 
rail  entirely  removed,  an  awkward  and  time-consuming  operation. 
With  the  present  arrangement,  each  jacket  is  entirely  independent 
of  its  neighbor,  and  can  be  removed  at  will  without  disturbing  any- 
thing else. 
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The  cast-jackets  are  surmounted  by  a  wrought-jaeket  superstruc- 
ture. There  are  6  of  these,  and  there  is  a  3-inch  space  between  the 
two  sets  of  jackets  which  is  filled  with  firebrick.  By  this  arrange- 
ment the  usual  cast-  or  wrought-iron  mantels,  together  with  the 
brick  superstructure,  are  done  away  with,  and    the  burning   out  of 

Fig.  4. 


lUO-Tun  Siiver-Luad  Snielting-Furnace  al  Zceliau  and  Dumla.s  Wurks. 
From  a  Photograph. 

these  portions  is  avoided.  This  also  reduces  top  accretions  and 
scaffolds  to  a  minimum,  and  those  that  do  form  are  very  easily  dis- 
posed of.  The  top-jackets  are  suspended  by  hanging  bolts  and 
straps  over  beams  supported  by  two  ".I "  iron  girders,  which  in  turn 
are  sustained  by  pillars  resting  on  the  bottom  girders  and  pillars,  as 
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shown.  The  tuyeres  are  of  a  simple  pattern  with  stop- valve,  peep- 
hole and  shutter.  They  are  secured  to  the  jackets  with  two  bolts 
and  cotters,  the  square  heads  of  the  bolts  fitting  into  recessed  pock- 
ets cast  in  the  jackets.  The  tuyeres  are  connected  with  the  bustle- 
pipe  by  means  of  the  ordinary  woven  canvas  hose,  which  is  painted. 
On  the  feed-floor  the  furnace  is  surrounded  with  iron  floor-plates, 
secured  to  short  iron  girders,  which  in  turn  rest  on  the  beams  and 
girders  that  support  the  wrought-jackets. 

The  usual  under-floor  flue  had  to  be  omitted  here  on  account  of 
the  high  price  of  brick.  When  the  works  were  started,  in  October, 
1891,  the  price  of  red  brick  was  £9  per  thousand.  Since  the  rail- 
way has  come  through,  the  price  has  fallen  to  £4.  In  place  of  this 
flue,  the  furnace  is  surmounted  by  a  hood  with  a  horizontal  flue, 
which  leads  into  the  dust-chamber  and  stack.  The  whole  is  of 
wrought-iron.  The  hood  is  separable,  so  that  the  lower  half  can  be 
moved  backward  or  forward  on  rollers  for  the  purpose  of  barring 
oS^.  There  is  a  7-beam  Howe  charging-scales  for  each  furnace  on 
this  floor. 

All  the  water  for  the  works  is  furnished  by  an  8  by  9  by  10-inch 
Austral-Otis  pump  (Worthington  pattern),  which  raises  it  from  a 
creek  to  the  height  of  72  feet,  and  delivers  it  into  a  round  14  by 
29-ft.  tank,  set  on  the  side  of  a  hill  above  the  works.  This  pump  is 
driven  by  a  separate  boiler  when  there  is  more  than  one  furnace 
running.  An  8-inch  water-main  conveys  the  water  from  the  tank  to 
the  works. 

The  engine-room' is  a  building  32  by  68  feet  in  size.  It  contains 
one  12  by  18-inch  engine,  which  drives  the  elevators;  one  18  by 
36-inch  engine,  which  drives  the  blowers,  and  2  No.  6  Baker  blowers. 
The  line-shaft  which  drives  the  blowers  is  driven  by  rope  gear.  The 
boiler-room  is  a  building  20  by  32  feet  in  size,  and  contains  one  26 
by  6-feet  Cornish  boiler,  with  5  Galloway  tubes  and  2  Adamson's 
expansion-rings.     It  is  guaranteed  to  100  pounds  working-pressure. 

There  are  also  an  assay  office,  store-room,  blacksmith-shop,  etc., 
and  a  large  cottage,  which  is  occupied  by  the  staff. 

The  plant  was  designed  for  4  furnaces,  and  everything  is  laid  out 
in  accordance  with  that  plan ;  hence  the  extra  size  of  the  engines, 
buildings,  etc. 

At  present  writing  (June),  one  furnace  has  been  in  blast  three 
weeks,  everything  moving  off  without  a  hitch.  The  analysis  of  the 
ore  from  the  ,]Maestries  mine,  which  we  are  now  smelting,  gives  the 
following  percentages  :  SiOg,  7  to  8 ;  FeO,  21  to  24 ;  MnO,  4  to  6  ; 
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Pb,  38  to  41  ;  S,  2.6.  Silver,  25  to  32  ounces  per  ton.  The  type 
of  slag  made  is  SiOj,  30 ;  FeO,  40  ;  CaO,  20.  The  necessary  silica 
for  this  slag  is  made  up  by  adding  sand  to  the  charge.  A  more 
basic  slag  did  not  give  as  good  results,  but  I  intend  to  try  it  again. 
With  the  present  ore  and  slag  the  furnace  will  drive  at  the  rate  of 
80  to  90  tons  per  24  hours.* 

The  entire  plant  was  constructed  at  the  Austral-Otis  Engineering 
Works  of  Melbourne,  and  the  work  was  exceedingly  well  done. 


THE  TALC  INDUSTRY  OF  TEE  GOUVEBNEUB  DISTRICT, 
ST.  LAWRENCE  COUNTY,   NEW  YORE. 

BY  AXEL  SAHLIN,    M.E.,   NEW  YORK  CITY. 

(Schuylkill  Valley  Meeting,  Reading,  October,  1892.) 

The  day  is  long  past  when  linen  and  cotton  rags  were  the  exclu- 
sive raw  material  of  the  paper-trade.  Wood-fiber,  chemically  or 
mechanically  prepared,  straw,  hemp  and  Esparto  grass  have  largely 
supplied  the  demand,  which  the  old  materials  did  not  suffice  to  fill. 
But  even  these  newer  fibers  have  been  of  late  supplanted,  to  some 
extent,  by  mineral  pulp.  Weighting  and  filling  materials  have  also 
been  resorted  to,  partly  to  give  body  to  the  fabric,  partly  to  increase 
its  weight  and  reduce  the  cost  per  pound.  China  clay,  sulphate  of 
lime  and  soapstone  have  generally  been  employed  as  loading  materials. 
Even  though  these  materials  lack  fiber,  their  addition  must  by  no 
means  be  viewed,  as  it  too  generally  is,  entirely  as  an  adulteration. 
No  doubt,  to  a  certain  extent,  they  weaken  the  paper ;  but  for  ordinary 
grades  the  addition  of  these  non-fibrous  substances  is  a  positive  ad- 
vantage, as  they  close  the  pores  between  the  fibers  and  lend  to  the 
paper  a  great  degree  of  opaqueness  and  a  superior  finish.  Fibrous 
talc,  as  a  form  of  pulp,  has  the  same  effect,  without  appreciably 
weakening  the  paper. 

When,  therefore,  some  fifteen  years  ago,  fibrous  talc  in  large  quan- 
tities, and  of  marvellous  purity  and  whiteness,  was  discovered  in  the 
neighborhood  of  the  town  of  Gouverneur,  it  was  not  long  before  the 

*  Under  date  of  September  22, 1892,  the  author  requests  me  to  say  that  although 
these  figures  had  been  reached,  and  were  expected  to  be  maintained,  the  average 
for  two  months  proved  to  be  not  more  than  60  tons — a  falling-off  which  he  attributes 
largely,  if  not  wholly,  to  wet  ore,  coke  and  fluxes. — R.  W.  R. 
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paper  manufacturers  of  Pennsylvania  and  New  England  realized  its 
value.  The  talc  was  first  employed  as  an  adulterant  for  chemical 
wood-pulp,  prepared  by  the  hyposulphite  processes,  and  some  time 
and  experience  were  required  to  demonstrate  that  the  adulterant  was 
almost  as  valuable  for  its  binding  effect  as  the  wood-pulp  itself. 
This  fact  once  established,  the  talc  of  Gouverneur  entered  the  paper- 
mills  under  its  own  name,  or  that  of  mineral-pulp,  and  entirely  with- 
out objection  from  consumers.  Thirty  per  cent,  or  more  of  the  pulp 
for  good  printing-paper  can  profitably  be  made  to  consist  of  ground 
talc,  which  is  assimilated  in  the  paper  to  a  far  greater  extent  than 
other  mineral  substances.  From  75  to  90  per  cent,  of  the  talc  added 
is  retained  in  the  paper,  as  against  30  to  40  per  cent,  of  the  non- 
fibrous  loading-materials  generally  used.  It  is  therefore  evident,  that 
1  ton  of  talc  will  produce  as  great  a  weight  of  paper  as  2  or  3  tons 
of  sulphate  of  lime  or  clay. 

The  village  of  Gouverneur  is  situated  near  the  northwest  edge  of 
a  geological  island  of  Azoic  rocks ;  granite,  gneiss,  limestone  and 
marble  being  the  representative  features  of  the  formation.  To  the 
west  of  Gouverneur,  extending  to  and  beyond  the  St.  Lawrence 
river,  the  Potsdam  sandstone  is  encountered ;  to  the  southeast,  the 
Trenton  limestones  extend  towards  the  Adirondack  mountains.  The 
talc  belt  is  found  in  the  towns  of  Fowler  and  Edwards,  from  7  to 
14  miles  southeast  of  Gouverneur.  It  has  a  length  of  about  8  miles, 
a  width  of  1  mile,  more  or  less,  and  crosses  the  above-named  Azoic 
island  in  the  general  direction  of  W.  N.  W.  to  E.  S.  E.  The  veins 
generally  dip  from  45°  to  75°  towards  the  northeast.  Their  width 
varies  from  a  few  inches  to  20  feet  or  more.  Surface  out-croppings 
are  frequent,  and  local  experts  contend  that  there  is  no  use  in  look- 
ing for  talc  where  it  does  not  appear  on  the  surface.  The  abrupt 
change  of  formation  precludes  the  probability  of  discovering  new 
deposits  beyond  the  small,  and  now  most  thoroughly  explored,  belt 
already  known.  Within  this  narrow  territory,  veins  of  talc  min- 
erals, separated  by  layers  of  granite  and  gneiss,  are  found  and 
worked.  They  are  principally  made  up  of  the  hydrated  silicates  of 
magnesia,  known  as  agalite  and  rensselaerite,  the  former  of  a  smooth, 
fibrous  texture,  the  latter  scaly  and  lamellar,  and  both  beautifully 
white  or  bluish-white.  In  the  agalite  veins  are  found  nodules  of 
handsome,  pink  to  purple,  columnar  crystals  of  hexagouite,  and  also 
large  "  horses  "  of  yellowish-white  hornblende.  The  occurrence  of 
the  two  latter  minerals,  representing  the  anhydrous  silicates  of  mag- 
nesia, has  given  rise  to  the  theory  that  the  talc-deposits  originally 
occurred  as  hornblende,  which  has  gradually  become  hydrated. 
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Since  1879,  ten  distinct  mines  have  been  opened,  and  some  of 
these  have  reached  a  depth  of  400  feet  or  more  on  the  slope.  The 
present  output  from  these  ten  mines  amounts,  according  to  a  close 
estimate,  to  51,000  tons  per  annum,  which  figure,  however,  could  be 
readily  doubled  if  the  reducing-raills  had  the  capacity  to  handle  the 
larger  quantity. 

The  cost  of  mining  varies  from  60  cents  to  $1.25  per  ton,  to  which 
must  be  added  the  royalty  charged  by  the  land-owners,  amounting 
to  from  50  cents  to  $1  per  ton  of  talc  raised.  The  transportation  of 
the  rock  to  the  mills  by  wagon  or  sleigh,  over  wretched  country 
roads,  costs  from  |1.35  to  $1.50  per  ton.  The  total  cost  of  talc- 
rock  deposited  at  the  different  mills,  therefore,  varies  from  §2.35  to 
§3.75  per  ton. 

It  is  not  often  that  nature  interferes  with  human  legislation  in 
granting  monopolies;  but  such  a  monopoly  has,  so  far,  been  given 
to  the  talc-industry  of  Gouverneur,  since  no  other  deposit  has  been 
discovered  of  equal  purity,  color  and  fiber.  In  Virginia,  talc  is 
mined  and  ground  ;  but  while  it  possesses  the  fiber,  it  lacks  the  white- 
ness and  luster,  of  the  Gouverneur  mineral.  Again,  in  North  Caro- 
lina and  South  Carolina  talc  is  found  beautifully  white;  but  it  lacks 
the  fiber,  and  is  therefore  really  nothing  but  a  steatite  of  remarkable 
purity.  In  this  practical  monopoly  conferred  upon  the  Gouverneur 
industry  lies  its  great  value  and  importance. 

About  thirteen  years  ago  the  first  talc-mill  was  started  on  a 
modest  scale  at  Gouverneur.  Now  eight  efficient  mills  produce 
yearly  50,000  tons  of  talc,  all  of  which,  so  far,  has  found  ready  sale 
without  even  being  advertised.  The  total  absence  of  all  mention  of 
talc  or  mineral-pulp  in  Lock  wood's  otherwise  complete  and  excel- 
lently compiled  Directory  to  the  paper-trade,  is  the  most  striking 
proof,  how  little  the  Gouverneur  talc  is  known. 

But  not  only  for  paper-pulp  has  talc  found  employment.  As  a 
basis  for  fire-proof  paint  it  is  highly  valued,  and  also  for  electric  in- 
sulations, in  boiler  and  steam  pipe  covering  (competing  with  asbes- 
tos), for  toilet  articles,  soap,  pills,  and  as  an  adulterant  for  sugar, 
flour  and  other  white  powdery  substances. 

The  Oswegatchie  river  crosses  the  talc-bed,  and  continues  in  a 
northwesterly  direction  past  Gouverneur,  until  it  abruptly  turns 
northwards  and  empties  into  the  St.  Lawrence  at  Ogdensburgh. 
Having  its  source  amongst  the  foot-hills  of  the  Adirondacks,  its 
descent  is  rapid,  and  it  forms  around  Gouverneur  a  number  of  falls 
and  rapids  of  considerable  height.     It  is  estimated  that  every  foot 
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of  fall  of  the  river  can  furnish  a  constant  power  of  about  50  horse- 
power. The  United  States  Talc  Company  controls  a  fall  of  24 
feet ;  the  Upper  Natural  Dam  Company,  one  of  20  feet ;  and  so 
on.  Numerous  water-powers  are  not  yet  utilized  ;  but  so  high  a 
price  is  asked  for  the  lease  of  such  facilities,  that  two  of  the  newer 
pulp-companies  have  decided  to  use  steam  as  motive  power,  an  in- 
cidental advantage  being,  that  the  haul,  either  of  the  crude  talc,  or 
of  the  finished  pulp,  can  be  dispensed  with  by  locating  the  plant 
close  to  the  mine  or  at  the  railroad,  A  branch  line  from  the  Rome, 
Watertown  and  Ogdensburgh  Railroad,  up  the  Oswegatchie  valley, 
is  now  under  construction,  and  will  greatly  facilitate  the  handling 
of  talc-rock  and  pulp. 

When  the  talc  reaches  the  mill,  the  practice  has  been  to  pass  it 
successively  through  one  coarse  and  one  fine  crusher  and  then 
through  two  successive  pairs  of  burr-stones,  for  which,  in  some 
mills,  Griffin  mills  are  substituted.  The  talc  is  then  put  into  cars, 
each  holding  from  800  to  1600  pounds,  and  this  load  is  at  one  time 
emptied  into  an  Alsing  cylinder,  about  6  feet  in  diameter  and  from 
6  to  10  feet  long.  This  cylinder  is  lined  with  porcelain  brick,  2 
by  3  by  6  inches  in  size.  It  is  filled  to  about  one-third  with 
round  flint  pebbles,  brought  from  Greenland  or  Labrador,  those 
from  Greenland  being  preferred.  These  pebbles  are  about  If  inch 
to  2^  inches  in  diameter.  The  porcelain  lining  for  a  6-feet  by  8- 
feet  cylinder  weighs  2500  pounds.  The  bricks  cost  3|  cents  per 
pound.  In  a  cylinder  of  the  size  given,  3|  tons  of  pebbles,  worth 
$21.00  per  ton,  are  used.  The  lining  generally  lasts  about  three  to 
four  years ;  the  pebbles  split  before  they  wear  out ;  and  the  addition 
of  800  pounds  of  pebbles  per  annum  is  required  to  keep  the  cylin- 
der properly  charged.  When  the  talc  is  deposited  in  the  cylinder, 
the  man-hole  is  closed  and  the  cylinder  is  revolved  for  about  3J  to 
4  hours,  at  the  rate  of  20  i-evolutions  per  minute.  At  the  end  of 
this  time,  the  man-head  is  removed  and  a  grating  fine  enough  to 
retain  the  pebbles  is  substituted.  The  cylinder  is  then  started  at 
half  speed  and  the  talc  is  run  out  through  the  grating,  ready  for 
screening  and  bagging.  The  heat  generated  in  these  cylinders  is 
very  great,  but,  of  course,  does  not  exercise  the  deleterious  influence 
on  talc,  that  it  would  on  less  refractory  substances.  It,  however, 
frequently  causes  the  pebbles  to  crack  and  split.  The  burr-stones 
have  a  life  of  two  to  three  years,  and  require  dressing  every  two 
weeks.  The  track  and  roller  of  the  Griffin  mill  are  reported  to 
wear  well ;  but  the  scraper-shoes,  or  agitators,  have  to  be  renewed 
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every  week.     Two  sets  of  burr-stones  will  keep  four  cyliuders  em- 
ployed ;  two  Griffin  mills  are  used  for  six  cylinders. 

During  the  last  year  the  Cyclone  pulverizer  has  been  successfully 
introduced  for  talc  grinding.  The  first  mill  operated  on  this  system 
was  started  in  1891  by  the  Notla  Consolidated  Talc  Company,  Kin- 
sey,  N.  C. ;  the  second  in  January,  1892,  at  the  works  of  the 
Maryland  and  Virginia  Serpentine  and  Talc  Company,  in  Virginia. 
Since  then,  two  of  the  Gouverneur  talc-firms  have  adopted  the  new 
method,  by  which  they  can  successfully  reduce  the  scaly  rensselaerite, 
which  hitherto  has  been  thrown  on  the  waste-dump,  because  only  an 
excessively  protracted  grinding  of  it  in  the  Alsing  cylinders  would 
deaden  the  glistening  due  to  the  scales.  By  the  Cyclone  process, 
the  handling  of  the  talc  is  reduced  to  a  minimum ;  repairs  and  re- 
newals are  cheapened  ;  considerable  power  is  saved,  and  the  screen- 
ing of  the  finished  product  is  avoided.  The  capacity  of  one  pul- 
verizer is  about  equal  to  that  of  four  cylinders.  The  following  table 
gives  the  power  consumed  by  four  cylinders,  and  by  their  equivalent 
in  the  Cyclone  process : 

Cylinders    Cylinders    Cyclone 
and  Burrs,  and  Griffin  Process. 
Mills. 
H.  P. 

10  by  20-inch  crusher, 15 

5  by  20-inch  crusher,     .....  15 

2  sets  burr-stones,  .....  40 

1  Griffin  mill,         ......  — 

1  Cyclone  pulverizer,     .....  — 

1  exhaust-fan, — 

4  cylinders, 80 

Transmissions,  elevators  and  screens,  at  30 

per  cent., 45  41  16 

Total  horse-powers,  ....       195  179  69 

On  the  following  page  is  a  list  of  the  diiferent  talc- mills,  with  the 
machinery  operated  in  each.  The  mills  are  arranged  according  to 
the  date  of  their  erection,  the  first-named  being  the  pioneer. 

As  yet,  the  talc  industry  is  in  its  infancy  and  hardly  known  be- 
yond a  few  localities.  When  once  the  fibrous  mineral  pulp  shall 
have  become  familiar  to  the  paper-trade  of  the  world,  it  will  not  be 
the  want  of  a  market,  but  the  scarcity  of  talc,  that  will  regulate  and 
limit  the  development  of  the  peculiar  industry  of  Gouverneur. 


I.  p. 

H.  p. 

15 

15 

15 

— 

25 



— 

35 

3 

3 

80 

— 
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Cylinders. 

Number. 

Capacity. 

Agalite  Fibre  Co 

10'^  X  20^^  Blake. 
18^'  Cone. 

4  Burrs. 

2 
6 

800  lbs. 
1500     " 

Natural  Dam  Pulp  Co.... 
Lower  Works 

10^^  X  20'^  Blake. 
18^^  Cone. 

4  Burrs. 

6 

1500    '■ 

Adirondack  Pulp  Co 

8'^x  16^'  Blake. 
18'^  Cone. 

2  42'^  Burrs 
2  36'^      " 

6 
2 

1100  " 
1500     " 

St.  Lawrence  Pulp  Co 

10'^  X  20'^  Blake. 
W  X  i''  Patton. 

2  Griffin. 

6 

1500     " 

Gardner  Pulp  Co 

8^'  X  W  Foster. 

2  Burrs. 
1  Cyclone 

4 
Pulveriz 

1500  " 
er. 

Asbestos  Pulp  Co 

8'^  X  16''  Buchanan. 
4''  X  10^^  Blake. 

2  Burrs. 

2 

1600    " 

Hailsboro'  plant 

Asbestos  Pulp  Co 

8'^  X  W  Blake. 
6''  X  20'^  Blake. 

2  Burrs. 

4 

1500    " 

Talcyille  plant 

Natural  Dam  Pulp  Co... 
Upper  works 

10^'  X  24^^  Brennan. 
18^'  Cone. 

2  Pat.  Mills. 

(Secret.) 

2  Cyclone 

6 

1600    " 

American  Talc  Co 

8'^  X  W  Blake. 

Pulveriz 

ers. 

United  States  Talc  Co.... 

(Now  building.) 

; 

THE  BOGK-DBILL  APPLIED    TO   OPENING  THE  TAPPINO- 
HOLE  OF  A  BLAST-FUBNACE. 


BY  DAVID  BAKER,  SPARROW  S  POINT,  MD. 

(Schuylkill  Valley  Meeting,  Reading,  October,  1S92.) 


i 


Devices  for  saving  labor  in  immediate  connection  with  the  ope- 
ration of  the  iron  blast-furnace  have  received  comparatively  little 
attention.  Machines  for  hoisting  and  blowing,  always  employed  in 
some  form,  have  been  improved ;  but  charging,  tapping,  casting  and 
handling  the  pig-iron  in  the  beds  are  still  performed  chiefly  by 
manual  labor.  At  almost  all  furnaces,  filling  is  done  with  the  hand- 
barrow  of  twenty-five  years  ago ;  and  it  is  only  recently  that,  here 
and  there,  chills  have  been  employed  in  the  cast-house  instead  of  tlie 
usual  sand-beds,  to  lessen  the  labor  of  handling  the  pig,  as  well  as 
to  secure  its  greater  purity. 

The  manual   labor  of  opening  and  closing  the  tapping-hole  has 
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been,  so  far  as  I  know,  rather  increased  than  diminished.  The  en- 
larged hearths  and  greater  capacity  of  the  modern  furnace  renders 
it  more  difficult  to  "  keep  the  tap-hole  back,"  as  furnace-men  say. 
In  the  old-fashioned  smaller  furnaces,  the  slacking  of  the  blast- 
pressure,  and  the  introduction  of  a  single  ball  of  clay,  involving  (for 

I  closed  fronts)  an  average  stoppage  of  not  more  than  three  minutes, 
sufficed  for  plugging  the  hole,  and  opening  it  was  correspondingly 
easy.  No  care  was  taken  in  the  selection  of  material  for  the  pur- 
pose, ordinary  brick-clay  being  found  sufficiently  refractory.  At 
present,  fire-clay,  mixed   with   graphite,  is  sometimes   used,  or  the 

^material  of  old  black-lead  crucibles  is  rammed  in  with  balls  of  clay  ; 

Band,  instead  of  one  ball,  a  wheel-barrow  load  is  often  required.  In- 
deed, in  "  putting  in  a  new  hole,"  three  or  four  barrows  of  clay-balls, 
with  a  barrow  of  fire-brick,  may  be  required.  To  make  a  large 
hearth  safe  against  "  break-outs,"  the  clay  stopping  should  be  "  kept 
back"  3  feet  from  the  outside  of  the  tap-hole. 

J    To  open  at  casting-time  one  of  these  deeply  and  thoroughly  stopped 

fron-notches  requires  the  labor  of  eight  or  ten  men,  drilling  with  a 

heavy  bar  for  from   ten   to  thirty  minutes,  sometimes   even    sixty 

minutes,  according;  to  the  condition  of  the  furnace.     This  work  is 

"exhausting;  and   it  is  usual  to  call  the  men  from  the  stock-house  to 

issist  in  opening  the  hole,  as  well  as  in  special  work  in  the  cast- 

Jiouse,  while  the  iron  is  running.     Probably  the  main  reason  for  the 

\eneral  absence  of  attempts  to  diminish   the  manual   labor  at  the 

:apping-hole  has  been  the  presence  of  a  large  number  of  "  fillers," 

ivailable    at    casting-time  for   work  before  the  furnace.     But,  on 

;he  other  hand,  this  extra  work  imposed  on  the  fillers  has  stood  in 

the  way  of  a  reduction  of  their  number. 

I  At  the  blast-furnaces  of  the  Maryland  Steel  Company,  the  adop- 
tion of  a  new  system  of  furnace-charging  rendered  it  practicable  to 
'educe  the  labor  required  for  filling  ;  and  the  contemplated  delivery 
A'  the  molten  iron  direct  to  the  Bessemer  converter  would  reduce 
;he  labor  needed  in  connection  with  casting.  But  to  secure  the  full 
■idvantage  of  both  these  improvements,  it  was  necessary  to  do  away 
jivith  the  requirement  of  many  workmen  for  hand-drilling  at  the 
furnace-front.  This  consideration  led  to  experiments  with  the  per- 
cussion rock-drill  as  a  tap-hole-opener. 

The  first  trial  was  made  in  the  autumn  of  1890.  The  drill  em- 
ployed was  the  Little  Giant,  No.  4,  of  the  Rand  Drill  Company,  a 
-omewhat  heavier  machine  than  is  usually  adopted  for  work  in  rock. 
It  was  mounted  on  the  regular  swivel-base,  clamped  to  a  horizontal 
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bar,  which  was  swung  from  a  column  as  a  crane.  The  difficulties 
with  this  mounting  were  the  short  feed,  and  the  long  time  required 
to  withdraw  the  bit,  after  the  hole  had  been  drilled. 

We  modified  this  arrangement  by  increasing  the  radius  of  the 
crane  on  which  the  drill  was  clamped,  and  by  simplifying  the  fast- 
ening, so  as  to  permit  a  quicker  removal.  The  result,  however,  was 
still  unsatisfactory.     We  burned  too  many  bits. 

The  present  method  of  mounting,  described  below,  has  been  en- 
tirely successful.  The  feed  is  long  enough  to  enable  the  bit  to  pen- 
etrate through  the  clay-stopping  in  all  cases ;  and  the  bit  can  be 
retired  instantly  without  danger  to  it.  In  case  of  a  very  "  hard  " 
hole,  the  withdrawal  may  be  made  frequently,  and  the  bit  may  be 
cooled  in  water  without  greater  loss  of  time  than  in  hand-drilling. 

The  feeding  is  accomplished  by  a  cylinder  containing  a  piston  and 
rod  attached  to  the  drill  where  the  usual  feed-screw  is  fastened.  The 
piston-rod  is  hollow,  and  serves  both  to  feed  or  withdraw  the  drill 
and  as  a  channel  conveying  steam  to  the  operating  cylinder. 

In  Fig.  1,  A  is  the  section  of  a  part  of  the  hearth  of  the  blast- 
furnace; B,  the  tap-hole;  and  C,  a  cross-bar  arranged  with  guides 
to  slide  on  vertical  bars  attached  to  the  columns,  E.  F  is  the  frame 
consisting  of  two  parallel  angle-bars  attached  to  the  horizontal  cross- 
bar, C,  G  is  the  drilling-machine  which  travels  in  suitable  guides 
bolted  to  the  angle-iron  frame.  H  is  the  feed-cylinder  made  of 
wrought-iron  pipe,  bored  out,  or  of  brass  pipe,  which  does  not  re- 
quire boring.  I  is  the  supply-pipe,  which  is  connected  with  the  pipe 
at  the  column  by  hose  or  by  wrought-iron  pipe  provided  with  swivel- 
joints.  One  branch  of  the  supply-pipe  I  connects  with  the  front  head 
of  the  cylinder  at  h  ;  the  other  with  the  back  at  hi .  In  the  branch 
leading  to  the  back  of  the  cylinder  is  ])laced  a  three-way  cock,  J.  K 
is  the  piston  of  the  feed-cylinder,  axially  cored  to  allow  steam  to 
pass  from  the  front  end  of  the  cylinder  to  the  drilling-machine.  L 
is  the  hollow  piston-rod  connecting  with  the  valve-chest  of  the  drill 
by  means  of  a  steel  tee  and  pipe,  I. 

M  is  a  friction-clamp  shown  in  detail  in  Fig.  2,  which  grips  the 
piston-rod  and  thus  may  be  used  to  regulate  feed. 

The  machine  may  be  counterbalanced  by  weights  so  as  to  be 
easily  pushed  up  by  hand  when  not  in  use ;  or  the  chains  may  be 
attached  to  the  piston  of  a  hydraulic  or  steam-cylinder. 

While  in  use  the  frame  stands  as  shown  in  Fig.  1,  A  (an  elevation), 
the  angle  depending  on  the  condition  of  the  hearth  of  the  blast- 
furnace. 
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The  operation  of  tap-hole  drilling  is  as  follows :  When  it  is  time 
to  cast,  the  frame  is  lowered  to  the  right  position  ;  steam  is  admitted ; 
and  the  three-way  cock  is  turned,  as  shown  in  Fig.  3.  The  effective 
pressure  in  the  rear  of  the  ])iston  being  greater  than  that  in  the 
front,  the  drill  is  fed  up  to  the  work,  but  is  prevented  from  going  too 
far  by  the  clamp,  M.  A  cock  in  the  valve-chest  of  the  drill  is  now 
turned,  and  the  drilling  is  begun.  The  feed  may  be  controlled  by 
the  friction-clamp. 

As  soon  as  the  melted  iron  is  reached,  the  friction-clamp  is  loosened 
and  the  three-way  cock  is  turned  into  the  position  as  shown  in  Fig. 
4,  thus  allowing  the  steam  to  exhaust  from  the  rear  end  of  the  feed- 
cyliuder.  This  removes  the  bit  from  the  tap-hole  at  once,  and  the 
tap-hole  being  open,  the  machine  is  pushed  up  about  ten  feet  out  of 
the  way. 

In  practice,  we  have  found  it  neces.sary  to  put  a  spring  in  the  rear 
end  of  the  feed-cylinder  to  take  the  shock  from  the  head  in  case  the 
piston  should  be  allowed  to  go  back  so  fast  as  to  become  uncontroll- 
able. 

The  advantages  of  the  power-drill  over  the  old  hand-drill  are: 

1.  It  is  much  quicker  and  cuts  a  better  hole;  that  is,  more  nearly 
a  true  circle.  We  have  found  that  this  tends  to  make  the  tapping- 
hole  stand  longer  against  cutting-out  by  the  hot  iron  and  cinder. 

2.  The  percussion-drill  itself  is  useful  for  other  purposes.  Even 
when  the  furnace  is  out  of  blast  it  can  be  mounted  on  a  tripod  and 
employed,  to  the  saving  of  much  time,  in  drilling  the  salamander. 

3.  The  most  important  saving,  however,  is  the  labor  before  the 
furnace — the  "  helpers." 

Since  the  adoption  of  the  steam-drill  we  have  been  able  to  save 
one  man  at  each  turn,  or  two  men  a  day ;  and  we  expect,  as  soon  as 
the  pig-metal  is  all  taken  direct  to  the  Bessemer  converter,  to  make 
a  greater  saving  than  is  apparent  now. 
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BY  EMANUEL  TROTZ,    WORCESTER,    MASS. 
(Schuylkill  Valley  Meeting.  Reading,  October,  1892.) 

As  the  long-felt  need  of  a  reliable  and  easily-managed  pyrometer 
has  now  been  fully  supplied,  by  the  latest  form  of  Professor 
Wiborgh's    pyrometer,  an    account  of    this   instrument    will,  per- 
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haps,  be  welcomed  by  many  members  of  the  Institute,  The  follow- 
ing statements  are  based  partly  upon  the  description  kindly  furnished 
to  me  by  the  inventor,  and  partly  upon  my  own  experience. 

Theory  of  the  Instrument. — The  inventor  using  the  expansion- 
co-efficient  of  air,  as  determined  by  the  celebrated  experiments  of 
Gay-Lussac,  Dulong,  Rudbergand  Regnault,*  bases  his  construction 
on  the  following  theory:  If  an  air-volume,  F,  enclosed  in  a  porce- 
lain globe  and  connected  through  a  capillary  pipe  with  the  outside 
air,  be  heated  to  the  temperature  T  (which  is  to  be  determined),  and 
thereupon  the  connection  be  discontinued  and  there  be  then  forced 
into  the  globe  containing  V  another  volume  of  air  V  of  known 
temperature  t,  which  was  previously  under  atmospheric  pressure  H, 
the  additional  pressure  A,  due  to  the  addition  of  the  air- volume  V 
to  the  air-volume  F  can  be  measured  by  a  manometer.  But  this 
pressure  is  of  course  a  function  of  the  temperature  T.  Before  the 
introduction  of  V/  we  have  the  two  separate  air-volumes,  F  at  the 
temperature  T,  and  V  at  the  temperature  t,  both  under  the  atmos- 
pheric pressure  H.  After  the  forcing  in  of  V  into  the  globe,  we 
have,  on  the  contrary,  only  the  volume  Fof  the  temperature  T,  but 
under  the  pressure  H  +  h. 

If  these  volumes  of  air  be  reduced  to  0°,  the  following  formulas 
are  obtained  according  to  Mariotte's  law. 


or 

H  V 

■      ^=^  ....     (2). 

1  +  «T 

a  being  the  expansion-co-efficient  of  air. 

From  these  equations,  which  are  quite  correct  if  the  volume  of 
the  capillary  pipe  and  the  expansion  of  the  vessel  are  not  taken  into 
consideration,  is  obtained  : 

V'aH.     ^    Y>  R  ^  ' 

which,  for  t  =  0°,  gives  : 

*  V.  Meyer  and  Langer  have  shown  that  the  expansion-co-efficient  of  oxygen 
and  nitrogen  is  constant  as  far  as  1700°  C. 
VOL.  XXI.— 38 
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Vh-VH        ....     (4) 

-    V'aH  ^    ^ 

This  expression  is  used  as  the  foundation  for  the  temperature- 
scale  of  the  pyrometer.     If  Talso  =  0°,  the  formula  will  read  : 

h=^H.        ....     (5). 

which  represents  zero  of  the  scale. 

It  is  apparent  from  the  above  equations  that,  although  the  scale  is 
made  for  t^0°  and  a  certain  barometer-pressure,  it  can  be  used 
even  for  other  values  of  t  and  H,  if  only  the  volume  of  air  which  is 
to  be  forced  in  is  changed  accordingly. 

We  see  by  equation  (2) : 

H  V 


1  H-  at 


'^--T- 


1  +  aT 


that  if  the  temperature-scale  of  the  pyrometer  is  made  for  t  =  0°,  i.e, 
according  to  the  formula, 


V 


1-1-  aT^ 


and  the  temperature  of  volume  V  is  afterwards  changed  to  i°,  then 
the  air-volume,  which  is  to  be  forced  in,  needs  only  to  be  increased 
to  F'  (1  +  a  t)  in  order  that  the  same  value  of  h  shall  be  obtained  as 
if  t  had  been  =  0°.  The  barometer-pressure  H,  on  the  contrary, 
works  in  the  opposite  direction,  so  that  the  more  it  increases  the 
smaller  must  V  be,  if  the  value  of  h  is  to  remain  unchanged. 
The  temperature  t  and  the  barometer-pressure  H  thus  stand  in  a 
certain  relation  to  each  other  ;  and  it  is  easily  calculated,  that  if  the 
barometer-pressure  should  rise  78  mm.,  then,  if  the  value  of  h  is  to 
be  the  same,  V  must  be  decreased  as  much  as  if  the  temperature  t 
had  fallen  30°  C.  From  the  above  it  will  be  perceived  that  the 
same  scale  can  be  used  for  any  value  of  t  and  any  barometer-pressure 
whatsoever,  provided  the  volume  V  which  is  to  be  forced  in,  be 
changed  in  a  manner  proportional  to  such  variations  of  otlier  factors. 
Dtscription  of  the  Instrument. — The  outer  covering  of  the  instru- 
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raent  consists  of  a  round  metal  box  with  a  firm  bottom,  to  which  the 
pyrometer-pipe,  composed  of  the  globe  Fand  the  capillary  tube  r,  is 
screwed.  In  the  box,  close  to  the  bottom  a,  is  fastened  a  lenticular 
metal  vessel  V  of  such  form  and  elasticity  that  it  can  be  completely 
compressed  and  will  afterwards  resume  its  former  shape.  On  the 
opposite  side  of  this  vessel  is  fastened  a  metal  plate  h,  with  a  cylin- 
drical projection  d,  which,  likewise,  is  provided  with  a  capillary 
tube.  Moreover,  as  the  lenticular  vessel  V  has  on  both  sides,  op- 
posite the  two  capillary  tubes  corresponding  openings,  the  air-vol- 


r 


Bradley  ^  Poates  Engr^sJ<i\  Y, 


umes  T^and  V  are  connected  with  each  other  and  with  the  outside 
air. 

To  the  bottom  a  is  screwed  an  iron  bow  /,  forming  a  support  for 
an  axle  e,  which  aids  in  compressing  the  vessel  V.  For  this  pur- 
pose the  said  axle  is  provided  with  a  short  lever  h,  operating  a  small 
rod  8,  which  latter,  at  the  turning  of  the  axle,  descends,  and,  first 
closing  the  capillary  opening,  then  presses  down  the  projection  d 
together  with  the  plate  6,  whereby  the  lenticular  vessel  V  can  be 
so  compressed  that  all  the  air  formerly  contained  in  it  will  be  forced 
into  the  globe  V. 

For  measuring  the  consequent  rise  of  pressure,  the  capillary  tube 
is  connected  by  a  fine  leaden  pipe  m  with  a  manometer-spring,  which 
in  the  usual  way,  by  means  of  gearing  (merely  indicated  by  dotted 
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lines  in  Fig.  2)  communicates  to  the  hand  Z  the  motion  produced 
by  the  increased  pressure  in  the  spring.  The  leaden  pipe  must,  of 
course,  be  bent  and  sufficiently  long,  so  that  its  inner  end  can  follow 
along  with  the  projection  d,  when  the  vessel  Y'  is  compressed. 

In  order  that  the  axle  e  can  be  turned,  it  passes  through  bearings 
fastened  to  the  sides  of  the  metal  box,  and  both  its  ends  are  united 
by  means  of  a  fork-shaped  lever  (r,  supplied  with  a  small  handle 
Jj.  When  a  temperature-determination  is  not  being  made,  the  air- 
volumes  Fand  F' should  stand  in  connection  with  the  outer  air, 
and  the  rod  S  mast  not  shut  up  the  capillary  opening.     To  secure 


Fig.  2. 

this,  a  spiral  spring  fastened  at  the  bow /and  wound  about  the  axle 
e,  then  holds  the  lev^er  G  in  the  position  shown  in  Fig.  1  (which 
figure,  however,  does  not  show  the  spring). 

As  the  vessel  V  can  be  compressed  as  desired,  and  thus  made  to 
contain  a  larger  or  smaller  air-volume,  a  very  simple  means  pre- 
sents itself  for  obtaining  a  correction  of  the  barometer-pressure  as 
well  as  the  temperature  of  the  outer  air.  For  regulating  the  said 
air-volume  V,  the  projection  d  is  surrounded  by  a  movable  ring  ^, 
the  upper  end  of  which  is  a  plane  surface,  which,  by  the  elastic  ves- 
sel V,  is  held  pressed  against  the  projection/'  of  the  bow/,  while 
its  other  end  is  formed  as  a  screw-thread  and  rests  on  a  correspond- 
ing thread  on  the  plate  6.     If  the  ring  g  be  turned,  the  metal  plate 
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h  rises  or  falls,  effecting  a  change  of  the  volume  in  the  vessel  V. 
This  turning  is  done  by  means  of  the  cover  of  the  metal  box,  which 
is  movable,  and  consists  of  a  metal  ring  E^  in  which  the  glass  N,  is 
fastened.  From  the  ring  E  projects  a  fork-like  arm  n,  clasping 
another  arm  o,  which  in  turn  is  fastened  to  the  ring  g,  so  that  any 
motion  in  the  ring  E  is  transmitted  to  the  ring  g. 

On  the  dial-j)late  D,  which  is  fastened  to  the  bow  /  (an  arrange- 
ment not  shown  in  the  figure)  is  found,  in  addition  to  the  tempera- 
ture scale  of  the  pyrometer,  a  smaller  scale,  to  be  used  for  correcting 
the  barometer-pressure.  The  latter  scale,  graduated  for  air-pressures 
from  72  to  78  decimeters,  is  farthest  down  on  the  edge  of  the  dial- 
plate.     (The  instrument  here  shown  is  graduated  to  degrees  F.) 

The  dial-plate  is  further  provided  with  a  thermometer  P,  which 
indicates  the  temperature  t  of  the  air-volume  V ,  which  is  to  be 
forced  in,  and  also  with  a  small  aneroid  barometer  Q.  On  the 
movable  metal  ring  is  drawn  a  temperature-scale  (which  is  between 
the  glass  cover  and  the  face  of  the  instrument)  by  the  aid  of  which 
the  correction  for  the  temperature  t  is  performed. 

For  this  purpose  the  said  scale  must  be  so  graduated,  that  if  the 
ring  jE"  be  turned  a  distance,  which  corresponds  to  the  space  from 
0°  to  t°  on  the  scale,  then  the  volume  in  the  lenticular  vessel  will 
be  simultaneously  increased  from  V  to  V  (1  +  at). 

The  small  scale  farthest  down  on  the  dial-plate,  which  corres- 
ponds to  that  of  the  barometer,  must,  as  before  mentioned,  be 
graduated  in  such  a  relation  to  the  temperature-scale  of  the  ring 
that  a  difference  of  78  mm.  in  the  barometer-pressure  on  the  former 
occupies  the  same  distance  as  30°  C  (=  5i°  F.)  on  the  latter. 

Now,  if  the  instrument  be  properly  adjusted  with  reference  to 
these  scales,  all  that  is  necessary  at  an  observation  is  simply  to  find 
on  the  scale  of  the  movable  metal  ring  E  the  figure  corresponding 
to  the  temperature  given  by  the  thermometer  P,  and  turn  the  ring 
E  until  this  fisrure  coincides  with  the  figure  in  the  small  scale 
farthest  down  on  the  dial-plate,  representing  the  pressure  as  shown 
by  barometer  Q. 

The  hand  Z,  which  receives  its  motion  through  increased  pressure 
in  the  manometer-spring,  indicates  the  temperature  T  on  the  large 
scale  (graduated  from  0°  to  2400'^  F.)  of  the  dial-plate. 

When  no  observation  is  being-  made  the  hand  will  stand  a  little 
below  zero,  which  is  natural,  since  a  certain  surplus  pressure  is 
required  to  force  the  air-volume  V  into  V,  even  if  both  are  of 
temperature  0°,  and  thus  the  hand  must  thereby  always  rise  some- 
what. 
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If  a  temperature-determination  is  to  be  made,  the  ring  E  is  first 
turned  into  correct  position,  after  which  the  thumb  is  placed  on  the 
glass  cover  and  the  forefinger  around  the  button  L,  which  steadily 
and  slowly  is  raised  as  far  as  it  will  go,  and  kept  there  until  the 
hand  Z  comes  to  rest.  By  the  raising  of  the  button  L  the  rod  8 
is  pressed  down,  whereby  it  first  closes  the  opening  of  the  capillary 
tube,  and  afterwards  presses  down  the  projection  d  with  the  metal 
plate  6,  which,  by  sufficient  forcing,  totally  compresses  the  vessel 
F',  the  air  of  which  enters  the  globe  of  the  pyrometer-pipe.  The 
more  the  latter  is  heated  the  more  power  is  required  for  this  com- 
pressing of  the  air,  which,  through  the  leaden  pipe  m,  communi- 
cates itself  to  the  manometer-spring.  This  hereby  changes  position 
and  causes  the  hand  Z  to  rise  and  stop  on  the  degree  of  the  scale, 
which  corresponds  to  the  temperature  of  the  pyrometer-pipe. 

After  the  temperature  has  been  read  the  button  is  let  go,  and,  in 
consequence  of  the  elasticity  of  the  vessel  P  and  the  spiral  spring 
wound  around  the  axle,  springs  back,  thus  opening  the  capillary 
tube  again  and  allowing  the  hand  to  go  back  to  its  original  posi- 
tion. 

The  observation  is  made  in  a  few  moments  and  can  be  performed 
by  any  one. 

The  fork -formed  lever  G,  to  which  the  button  L  is  fastened,  cour 
sists  of  a  metal  spring,  which,  through  moderate  bending,  can  be 
loosened  from  the  axle  and  taken  away  from  the  instrument  in  case 
it  is  desired  that  temperature-determinations  should  not  be  made  by 
unauthorized  persons. 

To  lessen  the  fragility  of  the  porcelain  pipe  used  as  a  part  of  the 
pyrometer,  and  to  get  it  to  stand  immediate  conta-^t  with  very  high 
temperatures  without  breaking,  it  is  wound  with  asbestos  wicking. 
The  graduation  of  the  instrument  is  made  in  accordance  with  the 
theory  given  above,  and  with  an  appropriate  correction  for  capillary 
relations,  determined  by  a  new  and  theoretically  accurate  principle. 
This  pyrometer  can,  therefore,  be  fully  depended  upon.  Besides,  it 
ought  to  be  very  durable,  since  those  parts  which  act  through  their 
elasticity,  such  as  the  manometer-spring  and  the  vessel  V,  are  not 
strained  except  during  those  moments  when  the  temperature-obser- 
vation is  being  made. 

The  Wiborgh  Luft  (Air)  Pyrometer  is  particularly  well  adapted 
for  use  at  blast-furnaces,  smelting  works,  hardening  and  tempering 
furnaces,  etc.,  and,  in  general,  ought  to  fulfill  all  reasonable  de- 
mands for  a  true  temperature  measurer  for  practical  purposes,  where 
determinations  of  temperature  from  0°  to  2400°  i^'are  required. 
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TEE  BROWN  SEGMENTAL  WIRE  GUN. 

BY  N.    B.    WITTMAN,    BIRDSBORO,   PA. 

(Schuylkill  Valley  Meeting,  Reading,  October,  1892.) 

Among  the  objects  of  interest  which  the  members  of  the  Institute 
are  invited  to  examine  in  connection  with  this  meetino;  is  the  Brown 
segmental  wire-gun,  which  will  be  seen  in  process  of  construction  at 
the  works  of  the  Pennsylvania  Diamond  Drill  and  Manufacturing 
Company,  at  Birdsboro.  This  is  a  5-inch  breech-loading  (high- 
power)  rifle,  19  feet  long,  constructed  upon  the  .system  of  Mr.  J.  H. 
Brown,  an  inventor  of  recognized  genius  in  many  branches  of  me- 
chanical industry,  and  under  the  engineering  direction  of  Lieuten- 
ant G.  N.  Whistler,  Fifth  U.  S.  Artillery. 

The  system  consists  es.sentially  of  the  subdivision  of  the  inner 
core  or  tube  of  the  gun,  which  takes  up  the  initial  compression,  into 
longitudinal  segments  of  such  size  that  a  higher  physical  condition 
and  degree  of  .special  elasticity  may  be  set  up  therein  than  it  is  pos- 
sible to  produce  in  the  larger  masses  of  metal  heretofore  used  for 
the  tube  of  the  modern  high-power  cannon. 

The  process  consists  in  winding  layers  of  square  steel  wire,  subjected 
to  a  constant  tension  of  130,000^ounds  per  square  inch, around  these 
segments,  which,  when  so  held  together,  form  the  tube  of  the  gun. 
A  lining-tube  may  or  may  not  be  u.sed. 

The  steel  segments  used  in  the  gun  now  under  construction  are 
18  feet  4  inches  long,  and  3  inches  thick  at  the  breech,  from  which 
they  taper  to  0.8  inches  at  the  muzzle.  The  physical  condition  of 
the  segments  has  been  determined  by  test-pieces,  cut  from  each  end 
of  each  segment,  which  show  the  following  characteristics : 

Tensile  strength,  165,000  pounds  per  square  inch. 

Ela.stic  limit,  105,000  pounds  per  square  inch. 

Elongation  at  rupture,  14  per  cent,  in  2  inches. 

They  are  of  crucible  chrome  steel,  made  by  the  Carpenter  Steel 
Works,  at  Reading,  Pa.  The  wire  which  holds  them  together  has 
0.005  square  inches  sectional  area  and  is  wound  under  a  constant 
tension  of  650  pounds  on  each  strand,  equivalent  to  130,000  pounds 
per  square  inch.  The  winding  has  been  done  by  a  machine  designed 
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for  the  purpose  by  Mr.  Brown.  It  consists  essentially  of  a  windlass 
and  series  of  rollers,  which  act  as  a  clutch,  by  which  a  weight  is  at- 
tached to  the  wire  and  which  is  fitted  with  a  friction-brake,  auto- 
matically regulating  the  speed  of  the  passage  of  the  wire  through 
the  machine.  This  speed  being  kept  the  same  as  that  of  the  wind- 
ing, the  weight  is  thus  held  at  a  fixed  height,  insuring  a  constant 
and  absolutely  uniform  tension  upon  the  wire. 

The  wire  used  has  the  following  physical  qualities: 

Tensile  strength,  250,000  pounds  per  square  inch. 

Elastic  limit,  200,000  pounds  per  square  inch. 

Torsional  strength,  30  full  turns  in  8  inches  before  breaking. 

Following  the  curve  of  maximum  pressure,  the  segments  are 
wound  at  the  breech  with  33  layers  of  wire,  making  a  total  thick- 
ness at  that  place  of  2.31  inches  of  wire,  and  a  layer  is  dropped  at 
each  10  inches,  so  that  there  are  but  10  layers  at  the  muzzle,  giving 
at  that  point  a  thickness  of  0.71  inches.  Altogether,  3256  pounds 
of  wire  were  used,  equivalent  to  a  single  strand  extending  in  a 
straight  line  37  miles. 

The  wire  was  anchored  at  each  end  by  a  special  device  invented 
by  Mr.  Brown.  As  no  flow  of  metal  will  occur  below  the  elastic 
limit  of  the  steel  of  which  the  segments  are  made,  enlargement  of 
the  bore  will  not  take  place  below  a  presssure  of  94,000  pounds  per 
square  inch, — this  being  94  per  cent,  of  the  elastic  limit,  if  that 
limit  be  taken  at  100,000  pounds  per  square  inch  (the  minimum  ob- 
tained from  any  one  of  the  test-pieces). 

As  the  pressure  between  the  segtixeuts  at  the  surface  of  the  bore, 
induced  by  winding,  is  100,000  pounds  per  square  inch,  it  will  re- 
quire a  powder-pressure  of  63,200  pounds  per  square  inch  to  reduce 
this  compression  to  zero. 

In  order  to  demonstrate  practically  the  truth  of  this  proposition, 
a  stub  representing  the  powder-chamber  of  the  gun,  was  made  and 
encased  in  a  steel  jacket,  into  the  ends  of  which  heavy  plugs  were 
screwed,  entirely  closing  the  powder-chamber,  with  the  exception 
of  an  aperture  0.2  inches  in  diameter,  to  serve  as  a  gas-vent  and 
firing-orifice.  This  has  been  fired  repeatedly,  with  a  charge  which 
generated  in  all  eases  over  50,000,  often  over  60,000,  and  on  four 
occasions  over  66,000  pounds  per  square  inch  ;  and  in  every  instance 
without  the  slightest  indication  of  displacement  of  the  segments  or 
enlargement  of  the  bore. 

An  exhibition  of  the  test  will  be  made  for  the  benefit  of  the  In- 
stitute. 
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The  trunnions  are  attached  to  a  trunnion-jacket,  whicli  is  screwed 
to  the  breech  of  the  gun.  The  major  portion  of  the  longitudinal 
thrust  produced  by  firing  is  taken  up  by  this  jacket,  and  not  by  the 
inner  tube.  This  is  one  of  the  special  features  of  this  system  of 
construction. 

The  chace  of  the  gun  (that  is,  that  part  in  advance  of  the  trun- 
nions), is  protected  from  the  effect  of  small  arms  and  machine-gun 
fire  by  a  steel  jacket  shrunk  upon  it. 

The  breech-block  presents  some  novel  features,  in  the  way  of  sim- 
plicity of  design,  and  the  maintenance  of  efficiency,  in  view  of 
probable  rough  usage  in  actual  service.  A  continuous  thread  is 
used,  and,  when  the  block  is  thrown  open  for  charging,  a  latch  locks 
it,  so  that  it  cannot  be  turned  until  it  enters  the  breech.  This  in- 
sures proper  centering  of  the  threads  under  all  circumstances,  and  a 
consequent  minimum  of  wear. 

The  service- charge  of  a  gun  of  this  size,  made  in  the  usual  way, 
by  shrinking  steel  hoops  over  a  central  tube,  is  limited  to  a  powder- 
pressure  of  37,000  pounds  per  square  inch  ;  while  in  this  gun  the 
ordinary  charge  will  generate  50,000  pounds  pressure,  and  60,000 
pounds  per  square  inch  can  be  reached  with  entire  safety. 
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BY  E.    T.    DUMBLE,    STATE  GEOLOGIST,   AUSTIN,  TEXAS. 

(Schuylkill  Valley  Meeting,  Reading,  October,  1892.) 

The  first  specimens  of  this  material  which  came  under  my  notice, 
as  found  in  the  State  of  Texas,  were  sent  to  me  by  Mr.  J.  C.  Mel- 
cher,  of  Fayette  county,  soon  after  the  organization  of  the  State 
Geological  Survey.  I  wrote  him  concerning  it,  and  had  the  locality 
and  manner  of  occurrence  described,  but  1  had  no  o])portunity  to 
visit  and  examine  the  deposit  until  the  present  field-season. 

Later,  specimens  were  collected  by  Dr.  Penrose  and  myself  on  a 
trip  made  by  boat  down  the  Rio  Grande,  from  Eagle  Pass  to  Hi- 
dalgo, in  June,  1889.  At  the  time  of  collection  I  marked  the  sub- 
stance *' Albertite,"  doubtfully,  but,  on  examination,  it  proved  to  be 
nearer  Grahamite. 

The  geological  horizon  of  the  two  occurrences  is  Tertiary.  The 
first  locality  mentioned  is  in  the  upper  part  of  the  beds  called  by  us 
Fayette  beds,  and  provisionally  correlated  with  the  Miocene,  or 
Grand  Gulf  of  Hilgard's  Mississippi  section,  while  the  latter  is  in 
the   low^est  strata  of   the   Eocene  which   are  exposed   on   the  Plo 
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Grande  river,  and  which  may  be  taken  as  equivalent  to  the  basal 
Claiborne,  if  not  lower, 

Webb  County  Grahamite. — About  50  miles  north  of  Laredo,  and 
3  miles  by  river  below  the  line  separating  Maverick  and  Webb 
counties,  we  found  on  the  Rio  Grande  a  bluff,  to  which  we  gave  the 
name  of  Webb  bluff,  the  top  of  which  is  fifty  feet  or  more  above 
the  level  of  the  river.  It  is  a  point  of  some  interest  geologically, 
for  it  exhibits  the  contact  of  the  Cretaceous  clays  with  the  overlying 
Tertiary  sands  and  greensands.  North  of  this  point  we  had  had 
almost  continuous  exposures  of  dark-colored  plastic  clays,  brown, 
blue  or  green,  with  interbedded  sands  which  were  often  calcareous 
and  indurated,  forming  sandstones  and  being  even  almost  quartzitic 
in  places,  and  having  a  very  gentle  dip,  probably  not  even  100  feet 
to  the  mile.  In  these  beds  occurred  an  abundant  and  characteristic 
Cretaceous  fauna,  comprising  Ammonites  {Placenticeras),  oysters  and 
gasteropods.  The  last  Ammonite  was  found  at  the  falls  of  the  Rio 
Grande,  four  miles,  by  river,  above  Webb  bluff.  Between  these  two 
stations  no  change  was  observed  in  the  lithologic  character  of  the 
rock-materials,  and  our  examination  of  the  clay  at  the  base  of  the 
W^ebb  bluff  section  gave  us  no  grounds  upon  which  it  could  be  dis- 
tinguished from  that  higher  up  the  river.  Therefore,  although 
Cretaceous  fossils  were  not  found  in  the  clay  at  Webb  bluff,  we  have 
nevertheless  referred  this  member  of  the  section  to  the  Cretaceous. 
The  appearance  of  the  upper  portion  of  the  bluff  was  so  differen 
from  that  of  the  bluffs  we  had  been  examining  as  to  attract  our 
notice  even  before  we  landed. 

Section  at  Webb  Bluff  (Downward). 

1.  Gravel, 2  to  3  feet. 

2.  Argillaceous   sandstone,    white   and    glistening,    with 

some  mica,  foliations  of  ferruginous  material, 
dark  streaks  and  specks  of  liguitic  matter  and 
concretions  of  calcareous  sandstone,      .        .         .30  feet. 

3.  Thin  seam  and  detached  masses  of  Grahamite  mixed 

with  gypsum  and  sulphur, 3  to  6  inches. 

4.  Greensand  marl,  with  numerous  marine  Tertiary  fos- 

sils; nodules  of  carbonate  of  lime  ;ind  "cannon- 
ball  "  concretions  of  altered  glauconitic  materials, 
with  fossil?:, 7  to  8  feet. 

5.  Bluejoint-clay,  of  lighter  color  where  dry  and  _weathcr- 

ing  yellow;  very  similar  to  other  clays  of  the 
upper  Escondido  beds,  but,  so  far  as  observed, 
unfossiliferous ;  as  exposed, 10  feet. 

The  Grahamite  exists  as  a  thin  seam  and  in  detached  masses  at 
the  base  of  No.  2  of  the  section,  and  is  not  an  extensive  deposit.     It 
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is  largely  mixed  with  gypsum  and  sulphur  (which  latter  occurs  in 
quantity  as  an  efflorescence  on  many  exposures  of  clay  in  this  region, 
sometimes  to  the  extent  of  forming  3  per  cent,  of  the  mass).  We 
had  no  trouble,  however,  in  securing  several  pounds  for  analysis 
and  for  specimens. 

Fayette  County  Grahamite. — Buckner's  creek,  an  eastward-flowing 
stream,  and  one  of  the  principal  tributaries  of  the  Colorado  river  in 
Fayette  county,  occupies  a  valley  eroded  in  the  sands  and  clays  consti- 
tuting the  brown-coal  beds  of  the  tertiary  deposits  known  by  the  Sur- 
vey as  the  Fayette  division.  This  valley  is  limited  on  the  north  by 
the  bluffy  outcropping  edges  of  the  Sandbluif-Muldoon  sandstones, 
and  on  the  south  by  the  westward  extension  of  the  Palm  bluflPand  the 
LaGrange  bluff.  This  brown-coal  series  is  well  exposed  along  the 
Colorado  river  north  of  LaGrange,  between  Chalk  bluff  and  Palm 
bluff,  but  a  more  detailed  section  was  secured  on  O'Quinn  creek, 
a  branch  of  Buckner's.  These  sections  show  a  succession  of  inter- 
bedded  and  often  interlaminated  sands  and  clays,  black,  greenish- 
gray,  chocolate,  yellow  or  white  in  color,  with  eight  beds  of  brown- 
coal,  or  lignite,  of  varying  thickness.  Gypsum,  in  the  form  of 
small  arrow-shaped  crystals  of  selenite,  abounds;  some  mica  is 
found  in  the  clays  and  sands,  and  small  amounts  of  ferruginous 
matter  also  occur.  They  weather  to  pink,  lavender  and  other 
bright  colors,  with  much  efflorescence  of  sulphur  in  places. 

The  Grahamite  occurs  in  connection  with  the  brown-coal  deposits 
both  on  O'Quinn  and  Buckner's  creeks,  the  first  specimens  sent  in 
by  Mr.  Melcher  having  been  obtained  from  the  latter  locality. 

On  O'Quinn  creek,  about  J-mile  above  its  mouth,  there  is  an 
exposure  which  shows  in  a  vertical  bluff,  some  20  feet  in  height,  the 
following  section : 

O'Quinn  Creek  Section  (Downward). 

Feet. 

1.  Soil  fsandy) 2 

2.  Yellow  sand,       .        .        - 3 

3.  Brownish-yellow  sand,  with  small  amounts  of  clay,  containing 

large  numbers  of  plant-impressions,  roots  or  stems  con- 
verted into  earthy  brown-coal,  spiral  rootlets,  etc.,       .         .     5 

4.  Brown-coal,  somewhat  lignitic  in  places,  but  generally  compact 

and  massive,  .........     1 

5.  Volcanic  dust,  white  to  creamy-wh  ite  in  color,  with  traces  of 

roots  or  worm-borings  and  a  little  sulphur  as  efflorescence,     2 

6.  Brown-coal,  somewhat  variable,  with  small  inclusions  of  Gra- 

hamite,          ^- 

7.  Gray  clays  and  sands,  interbedded  and  interlaminated,  weather- 

ing yellow,  with  efflorescence  of  sulphur,    ....     6 

Total, 19J 
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The  lower  bed  of  brown-coal,  No.  6  of  the  section,  is  of  the  nature  of 
German  Pechkohle,  and  has  many  silver-gray  or  ash-colored  markings 
and  spots  running  through  it,  due  to  the  decomposition  of  iron  pyrites. 
The  distribution  of  these  strings  and  spots  suggests  that  the  pyrite 
was  originally  formed  along  the  roots  of  plants  which  had  pene- 
trated the  bed  of  brown-coal,  or  on  fragments  of  roots  or  stems 
which  had  escaped  complete  maceration  during  the  deposition  of  the 
bed.  The  bed  of  brown-coal  has  an  average  thickness  of  not  more 
than  6  inches,  and  near  its  center  is  a  line  of  denser  material,  which, 
however,  is  not  continuous  for  any  considerable  distance.  It  is  in 
this  portion  of  the  bed  that  Grahamite  occurs.  No  large  amount 
was  found ;  but  on  breaking  into  the  bed  along  the  line  mentioned, 
this  substance  was  found  scattered  through  it  in  small  particles. 
Its  occurrence  on  Buckner's  creek  is  of  a  similar  character,  but 
much  larger  pieces  have  been  obtained  there,  one,  at  least,  having  a 
diameter  of  12  inches. 

The  brown-coal  beds  of  this  vicinity  present  a  peculiarity  which 
I  have  not  noticed  to  the  same  extent  at  any  other  place  in  connec- 
tion  with  these  deposits.  In  addition  to  the  ordinary  varieties  of 
earthy  brown-coal,  pitch- coal  and  lignite,  there  are  also  considerable 
deposits  of  light-brown  carbonaceous  shales,  which  not  only  yield 
large  quantities  of  the  lighter  oils  by  distillation  at  low  heat  in  the 
laboratory,  but  even  give  rise  to  numerous  small  "seeps"  of  oil  by 
similar  natural  processes,  along  Buckner's  creek  and  on  the  Colorado 
river. 

The  analyses  of  these  Grahamites  gave  the  following  results : 

Webb  County  Grahamite. 


L. 

E.  Magxenat,  Analyst. 

Proximate  A 

naly 

sis. 

Ultimate 

Analysis. 

Moisture, 

.      O.BO 

Carbon, . 

78.65 

Volatile  matter, 

.     44.00 

Hydrogen,     . 

7.50 

Fixed  carbon, 

.     52.80 

Nitrogen, 

0.15 

Asli, 

.       2.90 

Oxygen, 
Sulphur, 
Ash, 

5.08 
5.42 
2.90 

100.00 

Total  sulphur, 

.       5.42 

Water,   . 

0.30 

100.00 

Soluble  in  turpentine,  chloroform  and  carbon-bisulphide.  Partly 
soluble  in  ether  and  benzine.  Insoluble  in  alcohol.  Specific  grav- 
ity, 1.186.  Streak  very  dark  brown,  but  powder  in  bulk  black. 
Fracture  cuboidal  ;  luster  vitreous.   Upon  heating  above  the  fusing- 


THE   GRADING   OF   PIG-IRON.  605 

point  of  asphaltnm,  this  specimen  spurts,  and  portions  of  the  material 
are  extruded  as  threads  of  some  length.  The  high  specific  gravity 
of  this  specimen  may  be  due  to  an  admixture  of  gypsum. 

Fayette  County  Grahamite. 
L.  E.  Magnenat,  Analyst. 


Proximate  Analysis. 
Moisture,        .        .    None 

Sulphur. 
None 

Ultimate 
Carbon,    , 

Aualysis. 

76.19 

Volatile  matter, 

.     57.90 

2.50 

Hydrogen, 

6.61 

Fixed  carbon, 

.     37.70 

4.71 

Nitrogen, 

. 

0.39 

Ash, 

.      4.40 

0.24 

Oxygen,  . 

5.15 

Sulphur, . 
Ash, 

7.45 
4.21 

Total  sulphur, 

100.00 

.     7.45 

• 

100.00 

Materia]  granular  and  of  a  resinous  luster.  Soluble  in  turpen- 
tine, chloroform  and  carbon  bisulphide.  Partly  soluble  in  ether  and 
benzine.  Insoluble  in  alcohol.  Specific  gravity,  1.170.  Streak 
and  powder,  dark  brown.  At  a  heat  considerably  above  that  at 
which  asphaltum  fuses,  this  specimen  inturaesces  slightly,  and  the 
central  portions  can  be  drawn  out  in  threads. 

Judged  by  their  physical  characteristics,  both  of  these  substances 
seem  most  closely  related  to  Grahamite,  although  the  analyses  show 
a  much  greater  percentage  of  sulphur  than  has  been  heretofore  re- 
ported in  that  variety  of  asphaltum. 


THE  OBADINQ  OF  PIG-IRON. 

BY  E.    T.    CLYMER,   ALLENTOWN,  PA. 

(Schuylkill  Valley  Meeting,  Reading,  October,  1892.)  . 

It  has  been  the  custom,  from  the  earliest  time,  to  grade  pig-iron 
by  the  appearance  of  the  fracture;  and  although,  since  the  pneu- 
matic and  open-hearth  methods  of  steel-making  have  come  into 
existence,  chemistry  has  been  called  to  the  assistance  of  the  steel- 
maker in  selecting  material  for  his  use,  the  consumers  of  forge-  and 
more  especially  of  foundry-iron,  still  rely  almost  entirely,  as  they 
did  a  hundred  years  ago,  on  the  appearance  of  the  fracture  of  the 
pig  to  guide  them  in  the  choice  of  iron.  To  this  rule,  however,  each 
year  sees  more  exceptions;  and  there  are  now  many  foundry-men 
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who,  recognizing  the  inadequacy  of  the  old  method,  are  seeking  the 
aid  of  chemistry  and  of  the  testing  machine. 

It  is  proposed  to  confine  the  present  paper  to  foundry  pig-iron ; 
for  it  is  in  the  grading  of  this  product  of  the  blast-furnace  that  the 
greatest  number  of  errors  are  believed  to  arise — errors  which  are  not 
only  the  occasion  of  misunderstandings  between  the  producers  and 
consumers  of  iron,  but  which  also  cause  inferior  castings  and  pecu- 
niary loss. 

An  iron  containing  enough  phosphorus,  sulphur,  or  manganese  to 
render  it  unfit  for  the  foundry,  may  yet  have  an  open  grain.  It  may 
have  so  little  silicon  that,  on  remelting,  it  will  run  hard,  and  yet  the 
grain  of  the  pig  may  not  show  it.  Again,  a  close-grained  iron  will 
often  be  soft  and  fluid.  It  is  so  obvious,  and  now  so  generally  ad- 
mitted by  all  makers  and  most  users  of  pig-iron,  that  the  appear- 
ance of  an  iron  does  not  infallibly  determine  its  value,  that  facts  and 
figures  to  prove  this  proposition  seem  unnecessary.  The  only  apol- 
ogy that  can  be  offered  for  intruding  the  subject  is,  that  thousands  of 
tons  of  iron  are  each  year  graded  by  the  fracture,  and  generally  by 
those  who  would  be  glad  to  have  some  other  method  assist  in  part  to 
classify  their  product. 

There  are,  in  fact,  few  furnace-managers  who  do  not  use  the  labora- 
tory quite  extensively  in  determining  the  quality  of  iron,  and  who 
are  satisfied  to  grade  an  open  iron  as  No.  1,  should  it  contain  too 
much  phosphorus  or  sulphur,  or  too  little  silicon.  The  furnace- 
manager  is  consequently  often  obliged  to  grade  considerable  quan- 
tities of  iron  that  has  the  grain  of  No.  1  as  No.  2 ;  and  it  is  annoy- 
ing to  him,  beyond  what  can  be  well  expressed,  to  grade  an  inm  that 
is  chemically  perfect  as  No.  2  because  it  is  too  close  in  grain  to  please 
the  eye. 

It  is  desirable  to  consider  what  properties  of  pig-iron  can  be  de- 
termined by  its  fracture,  and  how  far  this  should  be  taken  into  con- 
sideration in 'determining  quality.  My  experience  has  led  me  to 
believe  that  the  grain  of  iron  indicates  with  considerable  accuracy 
the  condition  of  the  carbon  in  the  pig ;  that  is,  to  what  extent  it  is 
in  the  combined  or  in  the  graphitic  state — and  that  as  regards  other 
elements  nothing  can  be  told  with  certainty.  As  already  remarked, 
pig-iron  may  contain  sufficient  quantities  of  most  of  the  metals  and 
metalloids  to  render  it  unfit  for  use  in  the  foundry,  without  the  frac- 
ture indicating  their  presence.  In  large  quantities,  probably  all  the 
impurities  of  pig-iron  would  make  their  presence  manifest  by  chang- 
ing the  appearance  of  the  fracture ;  but  before  the  impurities  manifest 
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themselves  in  this  way  the  iron  becomes  useless  for  foundry  pur- 
poses. An  exception  to  this  statement  may  be  made  concerning 
silicon,  which  often  causes  a  closeness  of  grain  when  over  3  per  cent, 
is  present  in  the  pig,  and  yet,  for  certain  kinds  of  castings  it  is  de- 
sirable to  have  iron  containing  a  large  percentage  of  this  element. 

While  the  condition  of  carbon  in  pig-iron,  as  indicated  by  the 
grain,  is  an  important  matter,  it  is  not  all-important;  and  when 
other  things  besides  carbon  must  be  considered  and  arranged  for, 
to  enable  the  manufacturer  to  do  his  work  successfully,  it  is  mani- 
festly wrong  for  the  consumer  to  judge  iron  entirely  by  a  property 
which  tells  but  half  the  tale,  and  on  the  indications  by  which  he 
himself  will  not  abide,  should  the  material  work  badly  in  his  foundry. 

The  question  of  the  quality  of  pig-iron  is  obviously  an  important 
one  between  the  producer  and  the  consumer;  and  the  better  they  can 
be  made  to  understand  each  other  by  a  thorough  knowledge  of  the 
subject,  the  greater  will  be  the  ease  and  economy  with  which  busi- 
ness will  be  done.  But  while  the  manufacturer  should  be  thoroughly 
acquainted  with  the  chemistry  of  iron,  which  is  the  finished  product, 
in  which  all  his  skill  has  culminated,  it  would  be  unreasonable  to 
expect  that  all  users  of  pig-iron,  whose  energy  is  often  concentrated 
on  other  things,  should  have  a  thorough  knowledge  of  metallurgy 
and  of  the  numerous  ways  in  which  the  elements  that  appear  as  im- 
purities may  injure  or  benefit  iron,  and  may  even  at  times  unite  to 
destroy  the  separate  effects  of  each  other.  It  therefore  seems  impos- 
sible at  present  to  establish  any  new  method,  based  on  chemical 
analysis,  for  the  universal  grading  of  iron.  The  manufacturers 
would,  however,  be  pleased  if  the  consumers  of  iron  would  recognize 
the  fact  that  too  much  attention  has  been  paid  to  fracture. 

In  this  matter  we  have  gone  in  the  wrong  direction.  More  atten- 
tion is  paid  to  grain  now  than  was  the  case  ten  years  ago.  Then 
one  pig  out  of  twenty  or  thirty  served  to  tell  the  character  of  the 
rest;  now  every  pig  is  broken  and  carefully  scrutinized. 

The  pressure  to  sell  in  recent  years  has  no  doubt  caused  the  growth 
of  this  mode  of  grading,  which,  appealing  as  it  did  to  prejudice, 
enabled  those  who  first  practiced  the  method,  to  dispose  of  their  pro- 
duct to  better  advantage,  and  finally  obliged  all  to  follow  a  custom 
which  hampers  the  manufacturers  of  foundry-pig,  and  does  not 
benefit  those  who  use  it;  but,  by  inducing  them  to  pay  too  much 
attention  to  a  property  that  is  not  always  essential  to  good  iron,  is 
apt  to  lead  them  astray. 

It  is  not  the  intention  of  the  writer  to  take  up  here  the  chemistry 
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of  iron.  The  effect  of  the  various  elements  that  occur  in  cast-iron 
has  been  treated  extensively  ;  and  the  published  Transactions  of  the 
Institute  contain  much  that  is  valuable  on  this  subject.  Mr.  Keep's 
papers  in  vols,  xvii.,  xviii.  and  xx.,  will  be  found  very  interesting ; 
as  will  also  Dr.  Dudley's  "Notes  on  the  Constitution  of  Cast-Iron/' 
in  vol.  xiv. 

It  has  been  pointed  out  above,  how  unsatisfactory  and  trying  it  is 
to  be  obliged  to  grade  foundry-pig-iron  by  a  method  that  is  now 
universally  admitted  to  be  unreliable.  The  statement  that  the  grain 
and  color  of  iron,  within  reasonable  limits,  is  but  an  indication  of 
the  condition  of  the  carbon,  may  be  considered  too  sweeping  by 
some;  but  others  will  think  that,  even  as  to  this  point,  grain  is  an 
unreliable  guide. 

In  the  recent  paper  by  Mr.  Morris,  on  "The  Control  of  Silicon 
in  Pig-Iron  "  [ante,  p,  345),  and  in  the  discussion  of  the  same,  much 
that  is  interesting  on  grading  iron  has  been  said.  Mr.  Knapp  tells 
us  that  he  has  made  open-grained  foundry-iron  that  contained  but 
J  per  cent,  of  silicon  ;  and  Dr.  Raymond  points  out  that  the  rapidity 
with  which  cast-iron  passes  from  the  liquid  to  the  solid  state,  affects 
the  appearance  of  the  fracture,  and  defines  the  grain  of  pig-iron  as 
a  physical  character.  Whatever  may  be  the  differences  of  view  on 
these  points,  there  seems  to  be  practical  unanimity  among  all  who 
have  carefully  examined  the  subject,  that  the  grain  of  foundry-pig- 
iron  is  not  to  be  implicitly  relied  upon  as  an  indication  of  its  quality. 


ABEAL  WOBK  OF  TEE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

BY  W.  J.  MCGEE,  WASHINGTON,  D.  C. 
(Schuylkill  VaUey  Meeting,  Reading,  October,  1S92.) 

Most  nations  and  states  have  conducted  geological  surveys, 
generally  with  the  view  of  discovering  and  developing  natural  re- 
sources, sometimes  with  the  aim  of  promoting  science.  In  some 
eases,  as  in  the  first  survey  of  Pennsylvania,  the  official  geologist 
so  far  preceded  the  prospector  and  minor  as  to  guide  the  discovery 
and  exploitation  of  the  commoner  ores,  mineral  fuels  and  structural 
materials;  but  in  most  instances  statesmen  have  only  been  awakened 
to  the  need  of  such  a  survey  by  the  successful  extraction  of  minerals  ; 


i 
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SO  that  the  surveyor  follows  in  the  footsteps  of  the  miner  or  quarry- 
man  and,  so  far  as  the  commoner  resources  are  concerned,  aids  him 
only  by  fixing  the  limits  of  productive  areas  and  pointing  out  the 
unproductive  areas,  thereby  reducing  the  final  cost  of  minerals  by 
curtailing  bootless  prospecting.  Even  in  such  cases^  however,  the 
geologist  is  able  to  assist  the  mining  man  in  finding  and  classifying, 
and  thus  eventually  in  utilizing,  new  mineral  resources  ;  and,  more- 
over, his  laws  of  mineral  association  and  his  geological  maps  are 
useful  aids  in  the  exploitation  of  the  new  mineral  products  brought 
into  use  as  the  years  go  on.  Thus  an  official  survey  may  not  be 
without  profit  to  the  state,  even  though  it  follows  rather  than  pre- 
cedes exploration. 

The  United  States  Geological  Survey  is  one  of  a  score  of  such  in- 
stitutions in  this  country,  which  depend  in  greater  or  less  measure 
upon  mining  engineers  and  miners  for  the  diffiision  of  their  results. 
Unfortunately,  issue  of  its  official  publications  is  attended  by  incon- 
venient and  sometimes  serious  delay.  For  instance,  three  annual 
reports,  covering  the  period  from  July  1,  1889,  to  June  30,  1892, 
are  now  in  press;  and  the  earliest  will  probably  not  appear  for  some 
months.  For  this  reason,  among  others,  it  seems  proper  to  lay  be- 
fore the  Institute,  which  is  so  widely  and  actively  interested  in  the 
same  field,  a  summary  of  the  work  of  the  Survey. 

The  Topographic  Survey. 

One  of  the  first  needs  of  the  field-geologist  is  a  map  showing  not 
only  the  general  geographic  features  of  the  country  examined,  but 
also  the  relief  of  the  surface.  When  the  Geological  Survey  began  its 
work,  only  a  small  portion  of  the  public  domain  had  been  mapped 
in  such  manner  as  to  meet  this  need.  Accordingly  the  Federal 
survey,  like  many  State  surveys  before  it,  began  its  work  with  a 
survey  of  the  land-surface,  and  the  construction  of  maps  of  the  re- 
quired character  and  accuracy.  At  the  outset,  the  art  of  topo- 
graphic surveying  was  much  less  highly  developed  than  to-day  ; 
and  the  cost  of  the  work,  by  the  methods  then  in  use,  was  very  great. 
In  order  to  keep  this  cost  within  reasonable  limits,  it  was  originally 
planned  to  survey  the  greater  portion  of  the  public  domain  on  a  scale 
of  about  4  miles  to  the  inch  ;  the  greater  portion  of  the  remainder 
on  a  scale  of  2  miles  to  the  inch,  and  certain  limited  areas  of  special 
importance  on  a  scale  of  1  mile  to  the  inch.  Improvements  in  the 
methods  and  appliances  for  topographic  surveying  reduced  the  cost 
of  the  work  materially;  while,  at  the  same  time,  it  was  recognized 
VOL.  xxr. — 39 
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that  the  requirements  of  the  public  service  and  the  needs  of  the  field- 
geologist  demanded  larger  scales  than  had  been  originally  contem- 
plated. Accordingly,  as  a  first  modification  of  the  original  scheme, 
the  areas  selected  for  each  of  the  two  smaller  scales  were  reduced,  and 
the  chosen  areas  for  the  larger  scales  were  extended  ;  then  the  4- mile 
work  was  abandoned  ;  and  within  a  year  past,  the  art  of  topographic 
surveying  has  been  perfected  to  such  an  extent,  and  the  cost  of 
the  work  has  been  thereby  so  far  reduced,  as  to  warrant  the  abandon- 
ment of  the  2-mile  scale;  so  that  all  the  topographic  surveys  of  the 
Bureau  are  made  on  a  scale  of  1  mile  to  the  inch. 

An  essential  feature  of  these  surveys  is  the  measurement  of  the 
relief  or  configuration  of  the  land,  and  consequently  the  representa- 
tion of  the  hills  and  valleys,  mountains  and  plains,  with  a  degree  of 
accuracy  corresponding  to  that  of  the  horizontal  measurement.  This 
relief  is  shown  on  the  maps  by  contour-lines  or  grade-curves.  The 
contour-intervals  vary  with  the  scale,  and,  in  some  cases,  with  the 
steepness  of  slopes. 

The  total  area  surveyed  to  date  is  550,000  square  miles,  distributed 
over  forty-two  States  and  Territories,  of  which  five  (Connecticut, 
District  of  Columbia,  Mafjsachusetts,  New  Jersey  and  Rhode  Island) 
are  completed.  Most  of  these  surveys  are  drawn  on  sheets  designed 
to  serve  as  convenient  sections  of  a  great  atlas  of  the  entire  country. 
The  sheets,  about  15  by  18  inches  in  size,  are  bounded  by  parallels 
and  meridians.  Each 'side  of  the  4-mile  sheet  is  a  degree  ;  of  the  2- 
mile  sheet,  30  minutes;  and  of  the  1-mile  sheet,  15  minutes.  The 
progress  of  the  work  is  conveniently  reckoned  by  the  number  of  atlas- 
sheets  executed.  The  number  completed  up  to  June  30,  1892,  was 
295  on  the  1-raile  scale,  338  on  the  2-mile  scale,  and  61  on  the  4- 
mile  scale ;  a  total  of  694.  The  distribution  of  the  surveys,  with 
the  scales  and  contour-intervals,  is  shown  in  Table  I.,  in  which 
the  total  areas  of  the  several  States  and  Territories  are  also  given 
for  comparison. 

The  sheets  are  engraved  on  copper,  partly  in  the  office  of  the  Sur- 
vey, partly  by  contract  outside,  and  are  printed  from  stone  transfers, 
thus  far  in  small  proof-editions  only,  legal  provision  for  full  publi- 
cation not  yet  having  been  made.  The  material  for  each  sheet  is 
engraved  on  three  plates:  the  first  showing  the  water  (running  or 
standing)  or  hydrography;  the  second,  the  relief  or  hypsography  ; 
and  the  third,  the  culture,  including  civil  and  political  boundaries, 
roads  and  railways,  towns,  cities,  villages  and,  in  some  cases,  houses, 
and  also  projection-lines.     In  the  proof  edition  the  hydrography  is 
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Table  I. — Present  Condition,  by  States  and  Territories,  of  the  U.  S. 
Topographic  Surveys. 


States  and  Territories.     Total  Area. 


I  Square  Miles. 

Alabama i        52,250 

Arizona !      113,020 

53,850 


Arkansas. 
California. 

Colorado ... 


Connecticut  (conipiet'd) 

District  of  Columbia 

(Completed.) 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 


Massachusetts 

(Completed.) 
Michigan  

Missouri 


Montana . 


Nevada 

New  Hampshire 

New  Jersey  (compl't'd) 

New  Mexico 

New  York 

North  Carolii  a 

Ohio 

Oregon 

I'ennsylvania 

Kliode  Island 

(Completed.) 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont  


Virginia 

West  Virginia 

Wisconsin 

Wyoming     (incl.    Yel 
National  Park) 


158,360 

103,925 

4,990 
70 

58,680 
59,475 
84,800 
56,650 
36,350 
56,025 
82,080 
40,400 
48,720 
33,040 

12,210 

8,315 

58,915 
69,415 

146,080 

110,700 

9,305 
7,815 

122,580 

49,170 
52,250 
41,060 
96,050 
42,215 
1,250 

30,570 
77,650 
42,050 
265,780 
84,970 
9,565 

42.450 

24,780 
56,040 

97,890 


Area  Surveyed! 
to  date. 


Scale. 


Square  Miles. 
15,870 
41,000 
15,000 

32,300 

34,110 

4,990 
70 

700 

14.275 

7340 

2,875 

50 

5,375 

61,200 

12,800 

7,000 

3,457 

6,930 

8,315 

231 
26,000 

13,800 

19,980 

1,450 

7,815 

26,850 

1,995 

12,400 

50 

11,000 

5,437 

1,250 

4,350 
1500 
17,095 
51,0o0 
6,000 
1,010 

31,410 

22,500 
5,190 

5,000 


125.000 

250,000 

125,000 

1 25,000 

250,000 

62,500 

25,000 

62  500 

62,500 

62,500 

12-5,000 

125,000 

62,500 

62,500 

62,500 

125,000 

125,000 

62,500 

62,500 

62,500 

125.000 

62,500 

62,500 

62,500 

125,000 

125,000 

250,000 

125.000 

250,000 

62,500 

62,500 

125,000 

250,000 

62,500 

125,000 

62,500 

250,000 

62,500 

62,500 

125,000 

125,000 

125,000 

125,000 

250,000 

62,500 

62,500 

125,000 

125,000 

62,500 


Contour- 
Interval. 


1  :  125,000 


Feet. 
50  and  100 
200  and  250 

50 

25,  50,  100, 

and  200 

25,  50, 100 

20 
20 

10 
50  and  100 
50  and  100 
5,  10  and  20 

10 

20 
20  and  50 

100 

5 

20 
20,  50,  and 

100 

20 

20 

20  and  50 

50,  100,  and 

200 

25,50,  100, 

200,  and  250 

20 

10  and  20 

100  and  200 

20 
50  and  100 
50 
200 
20 
20 

50  and  100 
50  and  100 
50  and  100 
20  and  50 
200  and  250 

20 
20,  50,  and 

100 

100 

20 

50  and  100 


612  AREAL    WORK    OF   THE    U.    S.    GEOLOGICAL   SURVEY. 

printed  in  bine,  the  hypsography  in  brown,  and  the  culture  in  black. 
The  engraving  of  these  sheets  follows  closely  upon  the  drawing.  Six 
hundred  and  fifteen  sheets  have  been  engraved.  Their  distribdtion 
over  41  States  and  Territories  is  shown  in  Table  II. 

The  topographic  surveys  of  the  Bureau  are  executed  for  a  definite 
and  specific  purpose,  namely,  the  representation  of  the  geology  upon 
selected  scales;  and  while  the  maps  are  designed  incidentally  to 
serve  other  purposes,  care  has  been  constantly  exercised  to  reduce  the 
cost  of  the  surveys  by  executing  them  with  no  higher  degree  of  ac- 
curacy than  the  scales  require.  The  survey  is  not  geodetic,  and  the 
maps  are  not  designed  for  cadastral  or  refined  engineering  uses;  but 
it  is  aimed  to  represent  the  surface  of  the  country  with  sufficient 
accuracy  for  the  use  of  the  geologist  and  for  ordinary  industrial  pur- 
poses. The  cost  of  geodetic,  cadastral  or  ordnance-surveys  and  maps 
would  many  times  exceed  the  means  of  the  Geological  Survey.  la 
the  early  years  of  the  work,  before  the  art  of  topographic  surveying 
by  means  of  the  plane-table  and  other  modern  devices  had  come  to 
its  present  perfection,  the  surveys  sometimes  fell  short  of  the  accuracy 
required  by  the  scale,  and  the  resulting  maps  were  found  to  be  de- 
fective in  the  detailed  sketching,  though  the  control,  whether  by 
triangulation  or  linear  measurement,  was  satisfactory.  Such  surveys 
have  been  repeated  and  the  maps  have  been  re-engraved,  and  it  is 
believed  that  all  the  work  of  the  past  five  years  is  quite  up  to  scale 
in  accuracy  and  in  detail. 

Besides  the  regular  atlas-sheets,  several  smaller-scale  maps  of 
States  and  of  the  United  States  have  been  drawn  and  engraved  on 
copper.  Among  these  may  be  mentioned  three  general  maps  of  the 
United  States:  one  in  nine  sheets  on  a  scale  of  about  40  miles; 
another  of  double-folio  size,  at  about  110  miles;  and  a  third  of 
double-quarto  size  at  about  220  miles  to  the  inch.  There  are  also 
general  maps  of  Massachusetts  and  Rhode  Island  on  a  4-mile,  and 
of  Connecticut  on  a  2-mile  scale.  The  New  Jersey  map  on  a  5-milo 
scale  belongs  to  the  same  series,  though  engraved  at  the  cost  of  that 
State.  Although  these  maps,  like  the  atlas  sheets,  are  as  yet  unpub- 
lished, proof  copies  are  supplied  to  collaborators  of  the  bureau,  to 
public  institutions,  libraries  and  colleges,  and,  so  far  as  practicable, 
to  individuals,  so  that  they  are  coming  into  somewhat  general  use  as 
original  or  "  mother  "-maps  representing  actual  surveys  of  the 
country;  and  it  is  not  too  much  to  say  that  they  are  widely  recog- 
nized as  standard  sources  of  geographic  information. 
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Table  II. — Distribution,  by  States  and  Territories,  of  Topographic 
Atlas-Sheets  Engraved  up  to  June  30,  1892. 


States 

AND  TbREITOEIES. 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

District  of  Columbia 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky , 

Louisiana 

Maine 

Maryland 

Massachusetts  

Missouri 

Montana 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

Ohio 

Oregon , 

Pennsylvania 

Rhode  Island 

South  (Carolina 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

West  Virginia 

Wisconsin 

Wyoming 


Wholly 

Partly 

in  Statu 

in  Stat« 

13 

3 

13 

2 

'lb 

0 

17 

3 

29 

5 

19 

11 

0 

1 

0 

2 

2 

0 

9 

6 

4 

0 

8 

7 

0 

1 

18 

4 

48 

7 

6 

7 

14 

0 

9 

3 

11 

9 

29 

24 

25 

9 

11 

0 

9 

5 

0 

12 

32 

12 

15 

3 

1 

10 

3 

15 

0 

1 

2 

0 

14 

6 

7 

6 

2 

0 

1 

16 

37 

n 

17 

1 

2 

5 

14 

28 

8 

15 

16 

0 

4 

0 

Scale, 


125,000 

250,000 

62,500 

125.000 

125,000 

250,000 

62,500 

125,000 

62,500 

62,500 

62,500 

62,500 

125,000 

12:5,000 

62,500 

62,500 

62,600 

125,000 

126,000 

62,5ii0 

62,500 

62,500 

125,000 

62,500 

62,500 

125,000 

125,000 

250,000 

125,000 

250,000 

62,500 

62,500 

125,000 

250,000 

62,500 

125,000 

125,000 

250,000 

62,500 

62,500 

125,000 

125,000 

125,000 

250,000 

62,500 

62,500 

125,000 

125,000 

62,500 

125,000 


Contour-Interval.  i^jPP""^^^^" 
^^^'^-  Sq.  Miles'. 


50  and  100 
200  and  250 


20  and  50 

15,000 

50, 100,  and  200 

35,000 

25,  50,  and  100 

30,000 

20 

2,475 

10 

50 

20 

70 

10 

500 

50  and  100 

11,800 

30  and  100 

3,500 

5,  10,  and  20 

2,500 

10 

50 

20 

4,500 

20  and  50 

52,000 

100 

10,000 

5 

3,500 

20 

1,200 

20,  50,  and  100 

5,000 

20 

8,300 

20  and  50 

26,000 

50, 100,  and  200 

33,500 

25,50,100,  &  200 

29,500 

20 

1,100 

10  and  20 

7,815 

100  and  200 

26,500 

20 

1,200 

50  and  100 

8,000 

100 

50 

200 

7,000 

20 

4,000 

20 

],2o0 

50  and  100 

2,500 

100 

14,000 

20  and  50 

.37,000 

200  and  250 

65,000 

20 

1,000 

20,  50,  and  100 

27,000 

100 

16,000 

20 

3,600 

50  and  100 

3,600 

14,200 
58,000 


The  Geologic  Surveys. 
Various  systems  of  geologic  mapping  have  been  employed  in  dif- 
ferent States  and  countries,  but  no  uniform  standard  has  thus  far 
been  adopted.  The  greater  number  of  geologists  and  geologic  bureaus 
agree  in  representing  rock-formations  and  mineral  deposits  b}'  means 
of  colors  and  other  arbitrary  conventions,  printed  upon  either  geo- 
graphic or  topographic  maps.  The  selection  of  such  colors  and  other 
conventions,  however,  is  not  governed  by  fixed  rules  but  depends  on 
individual  taste  or  judgment  and  local  requirements,  so  that  the 
whole  subject  of  geologic  mapping,  may  be  said  still  to  be  in  the 
experimental  stage. 
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This  subject  has  been  under  consideration  and  experiment  in  the 
U.  S.  Geological  Survey  for  some  years,  and  a  system  of  mapj)ing 
has  been  devised,  which,  it  is  believed,  will  serve  the  requirements 
of  engineers,  miners  and  all  other  individuals  interested  in  the  re- 
sources of  the  country.  Briefly  stated,  the  system  provides  for  the 
separation  of  rock-formations  into  four  classes,  viz:  1.  Fossiliferous 
or  f ragmen tal ;  2.  Volcanic;  3.  Granitoid  and  schistoid  ;  4.  Super- 
ficial. These  classes  are  represented  by  ground-colors  and  pattern- 
overprints  in  such  a  manner  that  the  entire  range  of  available  colors 
may  be  used  for  each.  The  fragmental  rocks  are  represented  by  the 
primary  colors  in  orderly  arrangement,  each  indicating  an  age-group 
(Carboniferous,  Silurian,  etc.).  These  colors  are  used  as  uniform 
ground-tints  for  the  groups,  and  overprints  in  line-patterns  for  the 
distinct  formations  of  which  each  group  is  made  up.  The  volcanic 
rocks  are  indicated  by  angular  figures  either  on  a  white  ground  or 
over  the  ground-tint  representing  an  age-group.  The  crystalline 
rocks  are  similarly  denoted  by  hachures,  irregular  or  so  disposed  as  to 
indicate  structure.  The  superficial  deposits  are  represented  by  round 
figures  in  such  a  manner  that  they  may  be  mapped  in  their  normal 
relation,  i.e.,  as  overlying  the  older  rocks,  on  the  sheets  showing  the 
underlying  formations. 

The  general  system  of  geological  mapping  provides  for  the  repre- 
sentation of  the  geology  on  the  topographic  atlas-sheets  or  sections 
of  the  great  atlas-map  of  the  United  States.  The  atlas-sheets  are 
colored  in  manuscript  by  geologists  in  the  field;  and  the  geologic 
symbols  are  then  engraved  on  zinc  to  be  printed  either  directly  or 
from  stone.  In  order  to  render  these  geologically-colored  sheets 
available  for  all  uses,  provision  was  made  for  issuing  each  in  a 
portfolio,  in  which  the  geologic  sheet  is  supplemented  by  as  many 
different  impressions  of  the  same  map  as  may  seem  to  be  required. 
Thus  the  portfolio  will  commonly  include  a  topographic  sheet 
without  geologic  symbols  ;  a  geologic  sheet,  showing  for  the  same 
area  the  formations  and  the  age-groups  ;  a  structure-section  sheet, 
which  shows  the  boundaries  of  groups  and  formations,  and  on  which 
sections  drawn  to  scale  are  also  printed  ;  and,  when  occasion  re- 
quires, a  slieet  with  columnar  sections,  showing  the  structure  in 
greater  detail.  In  some  cases  there  is  also  a  separate  sheet  showing 
the  superficial  deposits  ;  and,  when  the  economic  resources  are  of 
such  importance  as  to  warrant  it,  a  sheet  of  mineral  resources  is 
added,  sliowing  the  locations  of -mines,  quarries,  coke-ovens,  smelters 
and  furnaces,  as  well  as   mineral  areas.     Each  portfolio  is  accom- 
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Table  III. — Statement,  by  Slates  and  Territories,  of  the  U.  S.  Geolog- 
ical Surveys,  up  to  June  30,  1892,  and  the  Principal  Mineral  Re- 
sources of  each  Reg  ion  Examined. 


states  and  Territories. 

No.  of  Sheets. 

Area 

Surveyed 

in  Sq.  Miles 

Principal  Mineral  Resources. 

Wholly 
in  State 

Partly 
in  State 

2 
1* 

7 

2 
3 

3 

* 

...„. 
13 

21 

* 
3 

* 

2 

* 

* 

* 
5 

6 

2* 

* 

'"4* 
4 

2 
2 

"  i" 

1 

'e 
2 

■■"2" 

2 

■"3" 

4 

2 

5,500 
14,000 
14,875 

50 
2,150 

70 

&50 
3,900 

700 

100 

■     100 
1,5001 
5,000t 

5,500 

300 
10,000 

25 
500t 

6,500 
300 
500 

1,000 

1,000 
9,500 

6,000 

9,000 

9,000 

2,000 

750 
2,000 

1,000 

Iron,  coal,  limestone,  bauxite  (alum- 
inum ore),  pottery -clays,  etc. 

Iron,  coal,  asphalium.buildingstone, 
etc. 

Gold  (vein  and  placer),  copper,  iron, 
quicksilver,  manganese,  chrome- 
iron,  silver,  coal,  building-stone, 
slate,  limestone,  pottery-clay,  infu- 
sorial earth,  etc. 

Brick-clay,  iron,  pottery-clay,  etc. 

Gold-ores!  placer  gold,  silver,  copper, 
lead,  zinc,  iron,  manganese,  alun- 
ite,  coal,  petroleum,  fire-clay,  brick- 
clay,  building  and  ornamental 
stones,  artesian  water,  lime,  gyp- 
sum, etc. 

Brick-clays,  terra  eotta  clays,  sand, 
etc. 

Phosphates,  artesian  water,  lime, etc. 

Coal,  iron,  bauxite,  building-stone, 
lime  and  cement,  etc. 

Building-stone,  brick-clay,  lime,  arte- 
sian water,  etc. 

Artesian  water,  building-stone. brick- 
clay,  lime,  cement,  etc. 

Coal,  iron,  building-stone,  etc. 

Artesian  water,  brick-ilav,  etc. 

Terra  cotta  clays,  pottery-clays,  brick- 
clays,  marls,  iron,  granite,  lime- 
stone, artesian  water,  etc. 

Granite,  marble,  slate,  lime,  feld- 
spar, etc. 

Iron,  copper,  etc. 

Coal,  iron,  gold,  silver,  lead,  build- 
ing-stone, brick-clay,  artesian  wa- 
ter, petroleum,  etc. 

Gold,  silver,  quicksilver,  etc. 

Fire-clays,  porcelain-clays,  marls, 
brick-clays,  artesian  water,  etc. 

Lignite,  building-sione,  etc. 

Slate,  granite,  lime,  etc. 

Iron,  granite,  etc. 

Coal,  gold-ore,  placer-gold,  silver, 
quicksilver,  nickel,  etc. 

Lignite,  artesian  water,  etc. 

Coal,  iron,  zinc,  marble,  lime,  brick- 
clay,  building-stone,  etc. 

Artesian  water,  chalk,  cement,  marl, 
building-stone,  etc. 

Iron,  lignites,  building-stone,  hydro- 
carbons, etc. 

Coal,  iron,  lime,  marl,  ocher,  infuso- 
rial earth,  brick-clay,  pottery-clay, 
artesian  water,  etc. 

Artesian  water,  brick-clays,  build 
ing-stone.  etc. 

Coal,  iron,  limestone,  slates,  etc. 

Iron,  copper,  building-stone,  etc. 

Arizona 

District  of  Columbia 

Florida 

Montana 

South  Dakota 

Utah 

Wyoming      (including 
Yellowstone  Nat.  Park) 

panied    also  with    a   summary  descri{3tion    of   the   area    mapped, 

*  Special  sheets  (i.  e.,  not  coinciding  with  regular  topographic  atlas-sheets)  have  been  com- 
pleted, 
t  Including  water-areas. 


616  AREAL   WORK    OF    THE    U.    S.    GEOLOGICAL   SURVEY. 

a  statement  of  its  mineral  resources,  and  a  general  account  of  the 
district  or  province  of  which  it  forms  a  part;  and  all  are  enclosed 
in  a  cover,  showing  the  location  of  the  area  by  means  of  a  key-map 
of  the  State  in  which  it  is  situated,  and  bearing  also  an  elementary 
statement  of  the  plan  and  purpose  of  the  Survey  and  the  atlas  by 
which  it  is  represented. 

The  geologic  surveys  of  the  Bureau  have  been  executed  with 
such  care  and  in  such  detail  as  to  consume  necessarily  a  considerable 
amount  of  time.  Moreover,  many  circumstances  have  combined  to 
delay  their  completion,  except  in  special  districts,  such  as  the  Lake 
Superior  iron-region,  the  quicksilver- and  gold-regions  of  California, 
the  phosphate- belt  of  Florida,  the  Eureka  and  Virginia  City  districts 
in  Nevada,  and  several  mining-areas  in  Colorado.  Nevertheless, 
substantial  progress  has  been  made  on  the  lines  of  the  plan  here 
summarized.  Final  geologic  surveys  of  greater  or  less  extent 
have  been  executed  in  thirty -two  States  and  Territories.  These 
surveys  cover  an  area  of  117,000  square  miles  and  are  in  part  repre- 
sented on  one  hundred  regular  atlas-sheets  and  a  laro-e  number  of 
special  maps.  The  distribution  of  these  surveys  is  shown  in  Table 
IIL,  in  which  only  the  completed  atlas-sheets  are  enumerated, 
though  the  areas  tabulated  include  those  represented  on  special  maps, 
accompanying  reports  already  published  or  now  in  press. 

Besides  the  finished  surveys  and  maps  which  are  alone  com- 
prised in  the  statements  and  tables  here  given,  the  areas  covered 
by  reconnaissance,  partly  preliminary  but  largely  detailed,  is  many 
times  greater,  extending  into  every  State  and  Territory  (including 
Alaska),  representing  all  the  natural  classes  and  groups  of  rocks 
and  covering  one-fifth  or  more  of  the  national  domain.  More  than 
two-thirds  of  the  geological  field-work  of  the  Bureau  has  yet  to  be 
mapped. 

In  the  absence  of  legal  provision  for  the  publication  of  the  geo- 
logic atlas-sheets,  but  few  have  been  printed  ;  and  none  of  the  port- 
folios have  been  completed,  though  a  number  of  the  geologic  sheets 
have  been  engraved. 

Cost  of  the  Surveys. 

The  cost  of  the  topographic  surveys  and  maps  has  varied  with  the 
scale  and  other  conditions  from  $1  to  $13  per  square  mile.  The 
average  cost  per  square  mile  since  the  institution  of  the  Bureau, 
computed  on  the  basis  of  the  aggregate  area  surveyed  and  the  ag- 
gregate appropriations  for  this  branch  of  the  work,  *and  including 
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tlie  purchase  of  apparatus  and  stock,  revision  and  re-surveys,  en- 
graving and  proof-printing  (both  in  the  office  and  by  contract),  and 
also  the  installation  and  maintenance  of  an  extensive  engraving 
and  lithographing  establishment,  as  well  as  all  other  items  whatso- 
soever,  has  been  about  $4  per  square  mile.  In  this  estimate  no  al- 
lowance is  made  for  preliminary  surveys,  by  triangulation  and  other 
means  for  fixing  the  control, — i.e.,  the  latitude  and  longitude, — 
which  work  is  about  a  year  in  advance  of  the  final  survey.  In  the 
area  covered  by  the  rectilinear  surveys  of  the  U.  S.  Land  Office,  the 
section-lines  and  corners  afford  a  valuable  secondary  control  and 
materially  reduce  the  cost  of  the  work. 

The  cost  of  the  geologic  surveys  has  varied  still  more  widely 
than  the  cost  of  the  topographic  work.  In  certain  fairly  repre- 
sentative areas,  it  has  averaged  five  to  ten  dollars  per  square  mile. 
The  average  cost  of  this  work  since  the  establishment  of  the  Bureau, 
computed  on  the  moderate  estimate  that  the  final  geologic  surveys 
completed  up  to  June  30, 1892,  represent  one-fourth  of  the  total  sum 
of  geological  work,  and  on  the  basis  of  appropriations  for  all  other 
purposes  than  topographical  work  (including  palseontological  study, 
researches  in  glacial  geology,  work  in  chemistry  and  physics,  hydro- 
graphic  measurements  and  surveys,  the  acquisition  of  a  library  of 
100,000  titles,  the  installation  and  maintenance  of  laboratories,  the 
publication  of  more  than  one  hundred  volumes  of  reports,  mostly 
illustrated  and  sometimes  accompanied  with  large  atlases,  the  cost  of 
apparatus,  stock  and  materials  of  various  kinds,  office-rent  and  all 
other  expenditures),  approaches  $9  per  square  mile. 

The  average  cost  of  the  completed  surveys,  both  topographical 
and  geological,  deducting  the  value  of  the  plant,  but  making  no 
other  allowance,  from  the  beginning  of  the  survey  to  date,  may 
safely  be  put  at  something  less  than  $11  per  square  mile.  It  is  to 
be  observed,  however,  that  the  work  was  comprehensively  planned, 
and  that  there  have  been  large  investments  in  uncompleted  surveys 
and  in  special  training  and  experience,  as  well  as  in  the  plant;  so 
that  the  work  of  the  future  can  be  conducted  at  a  materially  dimin- 
ished cost,  and  in  such  a  manner  as  to  yield  materially  improved 
results. 

The  foregoing  estimate  of  the  cost  of  surveys  by  the  Bureau  is 
based  simply  on  the  areal  work,  concerning  which  definite  quanti- 
tative statements  may  be  made.  It  is  believed  that,  in  addition  to 
this  areal  work,  the  researches  of  the  bureau  have  aided  materially 
in  the  economic  development  of  this  country,  and,  also,  that  import- 
ant contributions  have  been  made  to  the  science  of  geology. 
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'BY  JOHN   BIRKINBINE,    PHILADELPHIA,    PA. 

(Presidential  Address  at  the  Schuylkill  Valley  Meeting,  Reading,  October,  1892.) 

The  early  history  of  the  mining  and  metallurgical  industries  of 
Pennsylvania  is  so  intimately  associated  with  the  section  of  the  State 
in  which  we  meet,  that  a  brief  mwrne  of  a  few  of  the  important  his- 
torical facts,  and  a  reference  to  some  of  the  more  modern  enterprises, 
in  which  members  of  the  Institute  have  been  largely  concerned, 
seem  appropriate  to  this  occasion. 

It  is  just  two  hundred  years  since  the  publication  of  the  earliest 
mention  of  the  manufacture  of  iron  in  Pennsylvania.  What  kind 
of  iron  this  was,  or  where  or  by  whom  it  was  produced,  is  uncer- 
tain. The  only  record  of  it  is  the  following  verse,  quoted  in  the 
admirable  work  of  Mr.  James  M.  Swank,*  from  a  poem  published 
in  1692: 

"  A  certain  place  here  is,  where  some  begun 
To  try  some  Mettle,  and  have  made  it  run, 
Wherein  was  Iron  absolutely  found, 
At  once  was  known  about  some  Forty  Pound." 

One  who  stood  one  hundred  and  seventy  years  ago  on  the  summit 
of  this  Neversink  Mountain  f  (had  the  atmospheric  conditions  i)een 
favorable,  and  the  timber  somewhat  removed)  might  have  noticed  in 
the  daytime  the  smoke,  or  at  night  the  reflection,  from  the  fires  of  the 
first  successful  Pennsylvania  iron  enterprises,  scarcely  15  miles  to  the 
south,  viz. :  Rutter's  bloomary  forge,  built  in  1716,  and  the  Cole- 
brookdale  blast-furnace  erected  in  1720,  respectively  3  and  8  miles 
distant  from  Pottstown.  Here  the  pioneers  of  iron  production  in 
the  State  which  has  so  long  led,  and  still  leads  all  others  in  this 
manufacture,  had  their  trials  and  successes ;  and  it  may  be  a  satis- 
faction to  some  who  bewail  a  present  depression  in  trade,  and  the 
low  prices  now  ruling,  to  recall  the  fact  that  in  1731  pig-iron  is  re- 
ported to  have  been  sold    "in  large  quantities"  at  the  Colebrook- 

*  The  Manvfacture  of  Iron  in  All  Ages,  second  edition,  Philadelpliia,  1892,  p.  164. 

t  The  sessions  of  the  Institute  were  held  in  the  parlor  of  the  liotel  on  the  summit 
of  the  Neversink  Moinitain,  which  overlooks  the  city  of  Reading  and  much  of 
the  surrounding  country. 
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dale  furnace  at  £5  10s.  Pennsylvania  currency  per  ton,  equivalent 
to  $15  in  gold. 

In  the  two  decades  following  1720  a  number  of  furnaces  and 
forges  were  located  where  they  would  be  distinctly  visible  from  the 
Neversink  Mountain.  The  industry,  starting  from  the  vicinity  of 
Pottstown  as  a  centre,  spread  towards  Reading,  and  also  in  other 
directions. 

Southwest  of  Pottstown,  the  Warwick  furnace  was  built  in  1738 
and  remained  active  for  one  hundred  and  thirty  years,  during  which 
time  it  maintained  a  high  reputation  for  its  product  of  pig-iron  and 
castings,  some  of  the  latter  being  munitions  of  war  used  in  our 
struggle  for  independence.  The  present  Warwick  furnace  at  Potts- 
town, which  will  be  visited  by  the  Institute  in  connection  with  this 
meeting,  has  borrowed  the  name  of  the  old  plant ;  but  its  successful 
management  by  one  of  our  members  has  given  it  a  glory  of  its  own. 
The  old  Warwick  furnace  was  known  in  its  day  as  one  of  the 
largest  in  the  country,  its  height  being  32  feet,  and  its  bosh  varying 
from  7^  to  9  feet  in  diameter  in  diiFerent  campaigns.  This  old 
stone  stack,  blown  with  wooden  bellows,  produced  from  25  to  30 
tons  of  iron  per  week,  sometimes  reaching  the  then  extraordinary 
output  of  40  tons.  Its  present  namesake,  an  iron  shell  supported 
on  columns,  with  modern  equipment,  has  a  height  of  70  feet,  and 
a  diameter  at  the  bosh  of  16  feet,  has  been  averaging  750  tons  of 
pig-iron  per  week,  and  reached  an  output  of  875  tons  per  week. 
With  the  remodelled  furnace  stack,  powerful  blowing-engines,  and 
the  equipment  of  hot-blast  stoves  lately  erected,  still  better  results 
are  anticipated.*  A  comparison  of  the  records  of  the  old  and  new 
Warwick  furnaces  cannot  but  suggest  many  thoughts  to  those  who 
have  followed  the  development  of  our  iron  industry. 

It  was  natural  that  the  early  establishment  of  the  iron  industry 
in  the  vicinity  of  what  is  now  Pottstown  should  encourage  the  set- 
tlement there  of  those  interested  in  iron  manufacture ;  and  the  an-, 
cestors  of  some  nbw  engaged  in  this  business  have  for  a  century  and 
a  half  been  iron-masters.  Yet  none  of  the  works  to  be  visited  in 
the  vicinity  of  Pottstown  are  fifty  years  of  age.  In  less  than  a  half 
century  the  large  development  which  will  be  exhibited  to  us  has 
grown  up,  including  the  complete  establishment  of  the  Pottstown 
Iron  Co.,  built  five  years  ago,  which  has  the  credit  of  being  the  first 
plant  specially  erected  for  producing   basic  Bessemer  steel   in   the 

*  Since  the  address  was  delivered  the  output  of  the  Warwick  furnace  has  ex- 
ceeded one  thousand  tons  per  week. — J.  B. 
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United  States.  This  company  is  also  the  pioneer  in  the  coiniuereial 
production  of  fertilizers  from  basic  slag.  The  works  have  grown 
from  a  small  plant,  employing  200  men,  to  one  which  now  retjuires 
2000  men  to  operate  its  blast-furnaces,  steel-works  and  mills,  costing 
$3,000,000  and  turning  out  nearly  1000  tons  of  product  daily. 
Similar  comparative  statements  could  be  presented  of  other  indus- 
tries of  Pottstown  and  vicinity  ;  and  the  stories  of  the  Glasgow  and 
the  still  older  Pine  iron-works  offer  material  for  interesting  his- 
torical sketches;  but  these  can  receive  passing  mention  only. 

At  Birdsboro  the  Institute  will  visit  territory  which  has  been  con- 
tinuously occupied  by  iron-works  since  1740,  when  the  first  forge 
was  located  at  that  point.  The  Bird  mansion  erected  in  connection 
with  the  forges  at  Birdsboro,  and  bearing  the  date  of  1751,  is  still 
standing;  and  the  same  may  be  said  of  the  Potts  mansion  built  in 
Pottstown  in  1754. 

One  of  the  first  rolling-mills  in  the  country,  a  slitting-mill  and  a 
nail-works  were  in  operation  at  Birdsboro  during  the  Revolutionary 
war,  and  this  old  rolling-mill  occupied  the  same  site  as  the  present 
mill.  The  Birdsboro  iron-works  have  been  owned  by  the  family  of 
the  present  proprietors  since  1796,  and  the  small  beginning  has  been 
developed  into  a  plant  of  three  furnaces,  producing  from  50,000  to 
75,000  tons  of  pig-iron,  a  rolling-mill  and  nail-factory  with  a  ca- 
pacity of  250,000  kegs  per  annum,  in  addition  to  the  baby-Besse- 
mer plant,  the  diamond-drill  works  and  other  industries. 

The  story  of  Pottstown  and  Birdsboro  is  practically  repeated  in 
the  vicinity  of  Reading,  the  magnificent  industries  of  which  were 
instigated  by  the  earlier  developments  in  iron  manufacture.  It  is 
true  that  the  primary  production  of  the"  metal  can  hardly  be  em- 
braced among  the  pioneer  enterprises  of  Reading;  but  the  locality 
achieved  through  related  industries  a  prominent  place  as  a  manu- 
facturino-  centre,  and  has  maintained  an  enviable  reputation  for  the 
construction  of  machinery,  stoves,  hardware,  and  various  manufac- 
tures of  iron  and  other  metals. 

Fifty  or  sixty  years  ago  a  view  from  the  locality  where  we  meet 
would  have  shown  at  our  feet,  along  both  flanks  of  this  mountain 
range,  and  in  each  of  the  valleys  formed  by  the  streams  flowing  into 
the  Schuylkill  river,  numerous  blast-furnaces  and  forges,  the  flames 
from  their  open  tunnel  heads  or  from  the  draught  stacks,  illumining  at 
night  the  great  expanse  of  rich  agricultural  territory  now  visible  in 
every  direction.  Instead  of  long  railway-trains  carrying  ore,  coal  and 
stone  to  the  furnaces  and  other  works,  and  taking  the  pig-iron  and 
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other  products  away  from  them,  horse-,  mule-  and  ox-teams  cut  the 
roads  in  great  furrows,  and  canal-boats  quietly  glided  by  freighted 
with  the  raw  material  or  the  product  of  the  iron-works. 

We  can  now  see  distinctly  the  smoke  from  Robesonia,  where  a 
large  plant  has  taken  the  place  of  the  modest  "  Reading"  furnace  built 
just  a  century  ago.  The  enterprise  has  been  sustained  and  has  grown 
upon  a  perpetual  grant  of  "  sufficient  ore  for  one  furnace,"  to  be 
taken  from  the  Cornwall  ore-hills  without  royalty.  Over  this  grant 
there  has  been  extended  litigation,  as  the  furnace-demands  for  ore 
have  increased. 

The  earlier  furnaces  and  forges  were  also  located  beyond  the 
Schuylkill  valley,  at  points  convenient  to  other  deposits  of  iron-ore 
than  the  local  brown  hematites  and  magnetites;  but  within  a  radius 
of  35  miles  of  Reading  the  pioneer  iron  industry  of  the  State  was 
established  and  developed.  Over  in  Lancaster  county  was  the 
Elizabeth  furnace,  claimed  as  the  first  to  which  the  Cornwall  ores 
were  transported,  and  associated  with  legends  of  Baron  Stiegel,  who 
maintained  a  ducal  mansion,  and  caused  his  arrivals  at  the  furnace 
to  be  signalled  by  the  booming  of  cannon,  the  blowing  of  trumpets, 
and  the  baying  of  packs  of  hounds.  It  was  at  Elizabeth  furnace 
that  some  of  the  first  American  stoves  were  made.  One  of  these 
bore  the  inscription : 

Baron  Stiegel  ist  der  Mann 
Der  die  Ofen  machen  kann. 

"Baron  Stiegel  is  the  man  who  knows  how  to  make  good  stoves." 

On  the  original  Elizabeth  furnace,  built  in  1750,  the  legend  is 
said  to  have  been  in.'^cribed  : 

Jukann  Huber,  der  erste  Deutsche  Mann 
Der  das  Eisenwerk  voUfiihren  kann. 

"John  Huber,  the  first  German  who  knows  how  to  make  iron." 

Within  the  radius  of  35  miles  is  the  Cornwall  charcoal -furnace, 
the  oldest  in  the  country  still  standing,  which  is  to  celebrate  this 
year  its  one  hundred  and  fiftieth  anniversary ;  and  close  by  is  that 
wonderful  mass  of  soft  magnetic  iron-ore  known  as  the  Cornwall 
ore-hills,  from  which,  up  to  the  present  time,  12,000,000  tons  have 
been  won,  a  greater  amount  of  iron-ore  than  has  been  obtained  from 
any  other  single  locality  in  the  country.  This  old  furnace  passed 
through  various  changes  in  machinery-equipment,  from  the  leathern 
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bellows  to  the  wooden  and  iron  blowing-tubs  driven  by  water- 
power,  its  last  campaigns  being  made  with  a  steam-engine  supple- 
menting the  water-wheel;  but  it  was  always  blown  with  cold  blast, 
and  worked  with  an  open  top ;  and  stone  hearths  only  have  been 
used. 

To  the  north,  beyond  our  line  of  vision,  but  still  within  the  35- 
mile  radius,  was  the  furnace  near  Pottsville  which  first  introduced 
the  hot-blast  and  first  successfully  produced  anthracite  pig-iron  ;  and 
in  the  city  of  Pottsville  was  the  pioneer  furnace  which  won  a  liberal 
premium  for  having  been  the  first  American  blast-furnace  in  con- 
tinuous operation  on  anthracite  fuel  alone  for  three  months. 

Within  the  35-mile  limit  to  the  east,  the  first  President  of  the 
Institute,  David  Thomas,  was  instrumental  in  further  solving  this 
interesting  problem  and  demonstrating  in  1840  the  practicability  of 
the  use  of  anthracite  coal  in  place  of  charcoal,  as  blast-furnace  fuel. 

The  use -of  bituminous  coal  in  other  districts  naturally  followed 
that  of  anthracite  ;  and  the  iron  industry  was  relieved  of  the  anxiety 
as  to  a  sufficiency  of  fuel  which  dependence  upon  charcoal  had  occa- 
sioned. This  result  j^ermitted  an  expansion  of  the  business.  It  is 
doubtful  whether,  even  with  all  improved  appliances,  and  with  care- 
ful re-forestration,  the  United  States  could  produce  advantageously 
one-third  of  its  present  output  of  pig-iron,  if  charcoal  were  the  only 
fuel  available  for  smelting  purposes. 

It  is  unnecessary  to  refer  in  detail  to  the  great  anthracite  coal- 
fields of  this  State.  In  my  address  to  the  Institute,  a  year  ago,  upon 
"  The  Fuel-Supply  of  the  United  States  "  {Trans.,  xx.,  409),  I  called 
attention  to  some  of  their  prominent  features.  Although  the  exist- 
ence of  anthracite  coal  in  Pennsylvania  was  known  before  1800,  it 
was  not  until  1820  that  any  considerable  quantity  was  shipped.  The 
comprehensive  statistical  exhibit  prepared  by  our  late  fellow-member, 
Mr.  P.  W.  Sheafer,  shows  the  first  recorded  shipment  in  that  year, 
amounting  to  365  tons,  to  have  been  made  from  the  Lehigh  region, 
and  followed  in  two  years  by  a  shipment  of  1500  tons  from  the 
Schuylkill  region.  We  can  hardly  realize  that  within  the  span  of 
a  man's  life,  threescore  and  ten  years,  the  product  of  the  anthracite 
coal-fields  of  Pennsylvania  has  come  to  exceed  an  annual  output  of 
40,000,000  gross  tons.  Who  can  estimate  the  industrial  progress 
and  the  domestic  comfort  effected  by  the  utilization  of  the  800,000,- 
000  tons  of  fuel  which  have  been  taken  from  these  deposits  up  to 
the  present  time? 

One  of  the  excursions  provided   for   the   Institute  in  connection 
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with  this  meeting  will  pa?s  through  the  Southern  into  the  Western 
Middle  anthracite  coal-field.  These  two  divisions  cover  230  of  the 
470  square  miles  embraced  in  the  anthracite  region.  In  the  territory 
to  be  visited  is  the  Pottsville  shaft  (near  St.  Clair),  1576  feet  deep. 
As  the  mouth  of  this  shaft  is  729  feet  above,  the  bottom  is  817  feet 
below  ocean-level ;  and  the  bore-hole  which  struck  the  Mammoth 
vein  was  extended  400  feet  deeper  than  the  shaft.  Since  this  opera- 
tion, however,  is  held  in  reserve,  and  no  mining  is  at  present  car- 
ried on  through  it,  the  actual  condition  of  exploitation  is  more 
fairly  represented  by  the  active  producing  colleries,  which  obtain 
coal  from  depths  as  great  as  900  feet.  Some  of  these  ship  from 
375,000  to  450,000  tons  of  coal  annually,  prepared  in  breakers  each 
of  which  can  handle  2000  tons  of  coal  per  day,  and  has  cost  to  erect 
$75,000.  Attention  may  also  be  invited  to  the  powerful  equip- 
ments of  pumping-  and  hoisting-machinery  connected  with  most  of 
the  collieries,  and  the  bold  engineering  features  which  characterize 
many  of  the  railways  in  the  anthracite  coal-fields. 

In  the  two  fields  to  be  visited,  nine  veins  of  coal  are  found,  six  of 
which  may  be  considered  as  persistent. 

Numerous  sections  taken  show  that  these  six  veins  vary  in  aver- 
age thickness,  as  shown  in  different  mines,  from  6  to  33  feet,  giving 
for  the  six  an  average  total  of  75  feet  of  workable  coal.  The 
largest  of  these,  the  Mammoth  vein,  shows  as  an  average  thickness  of 
68  sections  32.7  feet ;  and  the  average  of  27  sections  of  the  Buck 
Mountain  vein  is  13.6  feet.  The  maximum  thickness  of  some  of  the 
veins  is  locally  enormous,  the  Mammoth  occasionally  exceeding  100 
feet. 

One  of  the  problems  engaging  the  raining  engineers  of  the  anthra- 
cite region  is  to  increase  production  by  obtaining  a  larger  proportion 
of  coal  from  a  given  working.  Up  to  the  present  time  from  30  to 
50  per  cent,  only  of  the  coal  could  be  mined;  and  some  of  the  opera- 
tions have  been  able  to  take  out  but  20  per  cent,  of  the  coal  in  the 
ground.  The  systems  of  stripping  coal  lying  near  to  the  surface,  of 
back-filling  with  culm,  and  the  more  general  employment  of  im- 
proved methods  of  extraction,  all  tend  to  increase  the  percentage  of 
coal  mined.  Another  problem  is  to  reduce  the  waste  in  preparing 
coal,  which  is  now  15  per  cent,  or  more  of  the  quantity  treated. 
Probably  10  per  cent,  of  this  loss  is  or  may  be  recovered  by  re- 
screening;  and  large  savings  have  been  realized  by  washing  and  jig- 
ging as  described  in  our  Transactions. 

The  excursion  provided  for  the  Institute  will  include   a  visit  to 
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the  underground  workings  of  the  Maple  Hill  colliery,  which  are  720 
feet  below  the  surface,  and  the  drifts  of  which  cut  coal-seams  having 
an  aggregate  thickness  of  from  76  to  87|^  feet.  The  colliery's  excel- 
lent equipment  of  hoisting-machinery  and  its  large  breaker  will  also 
be  visited. 

We  may  in  imagination  look  back  to  the  time  when  the  Schuyl- 
kill valley,  now  teeming  with  industries,  traversed  by  railways  and 
covered  with  population,  was  sparsely  inhabited  by  settlers  who  had 
made  scattered  clearings  in  the  wooded  area,  and  picture  to  our- 
selves the  pioneer  iron-manufacturers,  struggling  with  the  difficul- 
ties attendant  upon  an  initial  enterprise.  We  can  almost  hear  the 
melancholy  groan  of  the  great  bellows,  receiving  its  power  from 
a  slowly-moving  water-wheel,  or  the  thud  of  the  trip-hammer  as  it 
pounded  ihe  loupe  or  bloom,  and  see  the  numerous  teams  bringing 
charcoal  and  ore,  or  hauling  away  pigs,  blooms  or  bars.  As  the 
shifting  scene  approaches  the  present  era,  the  forests  disappear  be- 
fore the  axe  and  cultivated  fields  replace  the  woodlands,  in  the  di- 
minishing area  of  which  colliers  are  converting  the  wood  into  char- 
coal to  supply  the  iron-works;  new  mines  are  opened  to  meet  the 
ever-increasing  demand  for  raw  material ;  towns  grow  up  into  in- 
dustrial centers;  and  a  canal-system  is  established  as  a  convenient 
method  of  transportation.  Although  this  development  appeared 
rapid  at  that  time,  it  was  only  within  the  past  half-century  that 
greater  strides  were  taken.  The  Schuylkill  valley  boasts  of  one  of 
the  earliest  extensive  railroad-systems;  and  nearly  simultaneously 
with  the  employment  of  this  method  of  transportation  came  the 
liberal  exploitation  of  the  coal-fields,  the  use  of  mineral  fuel,  the 
application  of  hot-blast,  and  the  utilization  of  steam-power  at  iron- 
works. Great  as  these  changes  were,  they  have  been  surpassed  in 
turn  by  the  history  of  the  last  twenty  years,  in  which  technical  in- 
vestigation has  aided  practical  skill  in  obtaining  better  and  larger 
results  than  had  been  believed  to  be  possible. 

The  resources  of  the  Schuylkill  valley  appear  to  be  for  beyond 
danger  of  exhaustion,  even  by  its  annual  production,  approximating 
12,000,000  tons  of  anthracite,  600,000  tons  of  pig  iron,  and  a 
greater  amount  of  rolled  iron  and  steel,  much  of  which  is  converted 
locally  into  machinery,  bridges,  roofs,  stoves,  hardware  and  other 
manufactures.  Adding  the  glass,  pottery,  paper,  textile  and  other 
industries  of  the  valley,  we  reach  an  impressive  total;  and  an  in- 
spection such  as  this  gathering  jiermits,  will  doubtless  suggest  a 
continuance  of  prosperity  and  a  bright  future  for  those  who  recog- 
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nize  the  natural  advantages  of  the  Schuylkill  valley,  and  employ 
modern  methods  of  utilizing  them. 

The  territory  above  mentioned  as  enclosed  in  a  circle  with  a  radius 
of  35  miles,  using  Reading  as  a  center,  would  embrace  all  the  indus- 
tries of  the  Lehigh  valley  above  and  including  Bethlehem,  all  those 
of  the  East  Penn  valley,  those  of  Lancaster  and  vicinity,  and  all  in 
the  Schuylkill  valley  above  Norristown.  If  the  radius  were  in- 
creased to  50  miles,  almost  the  entire  industries  of  the  Delaware, 
Lehigh,  Schuylkill,  Lower  Susquehanna,  East  Penn  and  Lebanon 
valleys,  together  with  the  lower  coal-fields,  and  Philadelphia  itself, 
would  be  included.  A  census  of  these  industries  would  show  many 
of  them  to  be  directed  by  members  of  the  Institute;  for  about  one- 
tenth  of  the  names  on  our  roll  are  domiciled  witliin  this  area.  The 
American  Institute  of  Mining  Engineers  assembles  therefore  on  the 
present  occasion,  at  the  center  of  an  important  mining  and  manu- 
facturing district,  where  much  of  interest  and  value  is  presented  For 
inspection,  and  where  guests  and  hosts  meet  in  that  fraternal  feeling, 
born  of  common  interest  in  mining,  metallurgy  and  kindred  pur- 
suits, which  gives  strength  to  our  organization. 


NOTE  ON  MANGANESE-STEEL. 

BY  HENRY  M.  HOWE,  BOSTON,  MASS. 

(Schuylkill  Valley  Meeting,  Reading,  October,  1892.) 

The  present  paper  aims  to  present  in  brief  the  results  of  Tetski- 
chi  Mukai's*  studies  of  the  remarkable  changes  in  the  properties  of 
manganese-steel  caused  by  changes  in  the  rate  of  cooling,  together 
with  some  inferences  of  my  own. 

Manganese-steel  may  vary  greatly  in  composition  ;  that  containing 
from  10  to  13  per  cent,  of  manganese  has  hitherto  reached  the  widest 
use.  In  this  paper  I  consider  manganese-steel  of  about  this  compo- 
sition only. 

To  distinguish  common  steel  from  manganese-steel,  I  speak  of  the 


*  Studien  uber  chemisch-analytische  und  miftrodkopisehe  Untersuchung  des  Mangan- 
stahls.     Von  Tetskiclii  Mukai,  aus  Tokio,  Japan.     Craz  &  Gerlach,  1892.     Ten 
micro-photographs  of  the  structure  of  manganese-steel  and  other  steel. 
VOL.  XXI. — 40 
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former  as  carbon-steel.  Carbon-steel,  when  suddenly  cooled  from 
above  a  certain  critical  temperature,  is  harder,  more  brittle,  has  a 
higher  elastic  limit,  and  is  lighter  than  when  slowly  cooled.  The 
chemical  condition  of  the  carbon  is  markedly  different  in  the  two 
cases.  In  the  suddenly  cooled  metal,  the  carbon  exists  apparently 
uniformly  distributed,  and  combined  with  the  whole  of  the  iron  in 
the  condition  of  "  hardening  "  carbon.  In  this  condition  the  carbon 
leaves  no  residue  when  the  metal  is  dissolved  in  certain  weak  acids. 

In  slowly  cooled  carbon-steel,  however,  the  carbon  exists  in  chemi- 
cal combination  with  part  only  of  the  iron,  and  when  the  metal  is 
dissolved  in  certain  weak  solvents,  the  carbon  is  found  in  a  residue 
which  has  nearly  the  composition  FcgC.  The  microscope  reveals  cor- 
responding very  marked  differences  between  the  structure  of  slowly 
and  that  of  suddenly  cooled  carbon-steel.  When  suddenly  cooled 
the  metal  appears  to  be  homogeneous  ;  when  slowly  cooled  it  appears 
to  be  a  composite  mass,  made  up  of  different  components,  of  widely 
different  aspects.  Thus,  carbon-steel,  when  slowly  cooled  or  an- 
nealed, is  a  composite  mass  apparently  consisting  chiefly  of  two 
components,  nearly  carbonless  iron  and  a  carbide  of  the  formula  Fe^C, 
containing  cement  or  non-hardening  carbon.  We  assume  that  its  soft- 
ness and  ductility  are  due  to  the  assumed  softness  and  ductility  of 
these  two  components.  When  suddenly  cooled  or  "  hardened ''  it 
consists,  apparently,  of  a  single  substance,  containing  the  whole  of 
the  carbon  in  the  state  of  hardening  carbon,  combined  with  the 
whole  of  the  iron.  It  is  commonly  (not  universally)  believed  that 
it  is  the  presence  of  this  hardening  carbon  that  confers  on  suddenly 
cooled  steel  its  special  properties,  hardness,  brittleness,  lightness,  etc. 

Sudden  cooling  affects  manganese-steel  far  differently,  increasing 
its  hardness  but  slightly,  if  at  all,  while  replacing  its  decided  brittle- 
ness with  a  degree  of  ductility  which  is  most  extraordinary,  in  view 
of  the  accompanying  hardness.  The  effects  of  sudden  cooling  on 
the  ductility  of  carbon-steel  and  manganese-steel  are  thus  diamet- 
rically opposite. 

It  should  be  interesting  and  profitable  to  study  the  accompanying 
changes  in  the  physical  properties,  the  proximate  composition  and 
the  microscopic  structure  of  manganese-steel.  These  studies  should 
throw  important  light  on  the  nature  of  the  changes  in  carbon-steel 
caused  by  sudden  cooling.  On  this  it  is  evident  that,  in  spite  of  all 
our  researches,  the  last  word  is  not  yet  said. 

The^ composition,  density  and  hardness  of  the  manganese  steel  ex- 
amined by  Mukai  are  given  in  Table  I. 
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Table  I. —  Vlthnate  and  Proximate  Composition  of  Steel  Examined 

by  Muhai. 


Total  carbon 

"Non-hardening"  or  "Cement" 

carbon 

"Hardening"  carbon 

Silicon 

Sulphur 

Phosphorus  

Copper 

Antimony 

Nicl<el  and  cobalt 

Manganese 

Iron 


12  [Density... 

13  i  Hardness. 


/-I  •*•        e(  Cement  carbon 

Composition  oi  J  t 

carbide:  )  ^r 

(  Manganese 


f  Hard'n'gcarb'n 

Composition  of  |  Iron 

mother-mass -.f  \  Manganese 

I  Other  elements. 

t     Total 


Per  100  of  steel: 


PerlOOofcarb'n; 


Carbide 

Mother-mass. 


f  Cement  carb'n 
IHard'n'g    " 


True  Manganese-Steel. 


From  Hadfield. 


5§ 


1.200 


776 
424 
367 
062 
081 


From  Horde. 


1.165 

0.413 

0.7o2 
0.372 
0.053 
0.084 


347 1  1 
943  8i 


7.856 
81.08 


2.319 
5.007 


c  o 


7.851 
114.4 


7.281  7.220 
73.404  70.647 
19.315  22.536 


100.       100.403 


.475,  .798 
87.438'  86.962 
11.516;  11.699 

.571       .540 


100. 


10.657 
89.343 


100. 


99-999 


5.720 
94.280 


100. 


1.271 

0.594 
0.677 
0042 
0.030 
0.019 
0.043 
0.007 
0.003 
10.610 
89.975 


7.909 
101.5 


1.168 

0.286 

*0.882 

0.039 

0.027 

0.021 

0.044 

0.005 

0.005 

10.609 

88.082 


7.971 
1144 


7.128  7.067 
71427  69.563 
21.445  23..370 


100. 


.739 

89.479 

9.625 

.157 


100. 


8.333 
91.667 


100. 


64.667  35.451  46.735 
35.333  64.549  53.265 


1100. 


100- 


100. 


.920 
88.851 
10.082 

.147 


100. 


4.048 
95.952 


100. 


24.549 
75.451 


lOU. 


100. 


Carbon-Steel 

sold  as 

Mang'n'se-Steel 


Westphalian. 


0.489 

0.461 
0.028 
0.034 
0.048 
0.035 
0.001 

trace. 
0.605 


7.897 


0.488 

0.097 
0.391 
0.0.36 
0.045 
0.033 
trace. 

6.002 
0.004 


7.816 


7.187     7.340 
92.803,  92  655 


100. 


6.307 
93.693 


100. 


99.995 


2.348 
97.652 


100. 


94.274  19.918 
5.726  80.082 


100. 


100. 


I  now  sum  up  some  of  Mukai's  results. 

Density. — It  will  be  seen  from  Table  I.,  line  12,  that  sudden  cool- 
ing has  practically  no  effect  on  the  density  of  the  Hadfield  manga- 
nese-steel, while  it  increases  that  of  the  Horde  manganese-steel  by 


*  This  number  is  given  in  the  original  as  0.822.     But  I  think  that  this  must  be 
an  error,  and  that  the  correct  number  is  that  which  I  give  above. 
f  Calculated  from  Mukai's  data. 
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0.062.  This  is  the  opposite  of  the  effect  which  sudden  cooling  has 
on  carbon-steel.  In  general,  we  may  say  that  suddenly  cooling 
carbon-steel,  containing  the  same  quantity  of  carbon  as  the  Horde 
steel  contains,  would  lower  its  density  by  about  0.13  or  about  twice 
as  much  as  it  increases  the  density  of  the  Horde  manganese-steel. 
Why  it  affects  the  Horde  but  not  the  Hadfield  manganese-steel  is 
not  known. 


Table  II. — Efed  of  Sudden  Cooling  on  Manganese-Steel  and 
Carbon-Steel. 


Property,  etc. 

EfiFeet  of  Sudden  Cooling. 

Effects 

in  case  of  these  two 

steels,  are — 

In  ease  of  Carbon-Steel. 

In  case  of  Manganese- 
Steel. 

Hardness— 

Percentage  of  the 
total   carbon    in 
the      hardening 
state 

Density 

Increase,  enormous 

r 

-i  Increase,  very  great 

L 

Decrease 

Increase,slight  if  any 

Increase,  moderate  * 

J  In  1  case,  increase. 
I     "      "     nil 

Like. 

Like. 

Opposite. 

Opposite. 

Opposite. 

Opposite. 
Like. 

X'll       ^,.    rl<»«,.oo=<i 

Separation  of  com-  /  r»__„.„ 

I  ncrease 

ponents 

Ductility 

Tensile  strength... 

Decrease,  enormous.... 
Increase 

Increase,  enormous- 
Increase 

Hardness. — The  hardness  of  manganese-steel  is  slightly  increased 
by  sudden  cooling.  It  has  been  stated  elsewhere  that  manganese- 
steel  is  made  very  much  softer  by  sudden  cooling.  I  have  previously 
stated  that  I  could  detect  no  marked  difference  between  the  hardness 
of  slowly  and  suddenly  cooled  manganese-steel.  The  delicate  testsf 
applied  to  tiie  steels  examined  by  Mukai  detect  a  slight  difference, 
showing  that  suddenly  cooled  manganese-steel,  instead  of  being 
softer  as  previously  reported,  is  actually  harder  than  the  same  metal 
when  slowly  cooled.  But  Mr.  R.  A.  Hadfield  informs  me  that, 
according  to  his  experience,  which  is  far  greater  than  that  of  all 
others  combined,  no  such  difference  exists  as  ISIukai  reports.  Indeed, 
were  it  general,  it  could  hardly  escape  observation  in  machining 
manganese-steel  at  the  Hadfield  steel-foundry.     Till  further  evi- 

*  Moderate,  compared  with  the  increase  in  ca.^e  of  carbon-steel, 
t  The  polished  surface  of  the  metal  is  scratched  with  a  diamond  under  fixed 
pressure,  and  the  width  of  the  resulting  scratch  is  measured  micrometrically. 
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dence  appears,  we  may  suspend  judgment  on  this  point.  The 
increase  of  hardness  reported  by  Mnkai  may  be  a  peculiarity  of  the 
specimens  which  he  examined,  or  it  may  exist  only  under  the  par- 
ticular mode  of  testing  which  he  used.  Hardness,  after  all,  is 
generic. 

Condition  of  Carbon. — Sudden  cooling  increases  slightly  (i.e.,  much 
less  than  the  increase  for  carbon-steel)  the  proportion  of  the  total 
carbon  whieh  is  in  the  hardening  state.     (Table  I.,  lines  26—7). 

Grain. — The  size  of  the  grain  of  manganese-steel  is  somewhat 
increased  by  sudden  cooling.  That  of  carbon-steel  is  lessened  in 
some  cases;  in  the  rest  it  is  probably  not  affected  materially. 

Composite  Structure. — The  composite  structure  of  manganese-steel, 
as  seen  in  polished  and  etched  sections,  seems  on  the  whole  more 
strongly  marked  in  suddenly  than  in  slowly  cooled  pieces. 

In  Table  II.  I  sura  up  the  effects  of  sudden  and  slow  cooling  on  the 
six  properties  of  manganese-steel  which  we  have  just  considered,  and 
for  comparison  I  give  at  the  same  time  the  effects  on  carbon-steel. 

One  valuable  feature  of  Mukai's  results,  I  think,  is  their  strong 
indication  that  sudden  cooling  does  not  act  on  manganese-steel  chiefly 
by  influencing  the  condition  of  carbon.  Disproof  of  a  possible  hy- 
pothesis is  certainly  an  addition  to  our  knowledge,  though  it  bears 
the  negative  sign.     Destroying  an  error  is  subtracting  a  negative. 

We  find  that  fast  and  slowly-cooled  manganese-steel  alike  consist 
of:  1st,  a  mother-mass  of  iron  with  some  manganese  and  harden- 
ing carbon,  and  assumed  for  convenience  to  contain  the  whole  of 
the  other  non-ferrous  elements  present  (the  silicon,  phosphorus,  etc.), 
and  2d,  a  carbide,  whose  composition  I  find  corresponds  roughly  to 
the  formula,  FcigMugCg.  The  com])osition  of  this  carbide  is  practi- 
cally the  same  in  the  quenched  and  slowly-cooled  steel,  and  differs 
from  that  of  the  carbide  of  carbon-steel  in  that  manganese  replaces 
an  apparently  constant  part  of  the  iron.  The  quenched  manganese- 
steel  differs  chemically  from  the  slowly-cooled  chiefly  in  that  its 
mother-mass  forms  a  larger  proportion  of  the  whole,  and  itself  con- 
tains more  carbon,  than  the  mother-mass  of  the  slowly-cooled  steel. 

Of  these  two  differences,  the  first,  merely  a  relativ^ely  slight  varia- 
tion in  the  relative  volume  of  two  independent  coexistent  compo- 
nents, mechanically  mixed,  can  hardly  account  for  the  wonderful  in- 
crease of  ductility  which  quenching  causes. 

Can  the  second,  a  transfer  of  part  of  the  carbon  of  the  mother- 
mass  from  the  cement  or  non-hardening  to  the  hardening  state,  cause 
this  toughening?     If  it  can,  what  shall  we  say,  who  have  stoutly 
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maintained  that  quenched  carbon-steel  is  hard  and  brittle  because  of 
its  hardening  carbon  ?  Shall  we  blow  hot  and  cold,  and  say  that  hard- 
ening carbon  makes  manganese-steel  ductile,  but  carbon -steel  brittle? 

But,  if  we  look  a  little  deeper  into  Mukai's  results,  we  find  little 
warrant  for  such  a  conclusion.  Fixing  our  attention  for  the  moment 
successively  on  the  changes  in  one  after  another  of  the  characteristics 
of  manganese-steel,  due  to  the  difference  in  the  rate  of  cooling,  we 
find  that,  while  the  change  is  incomparably  greater  as  regards  duc- 
tility and  density  in  the  Horde  (Xo.  2)  than  in  the  Hadfield  (No.  1) 
sample,  yet  the  change  in  the  hardness  and  in  the  proportion  of 
hardening  carbon  in  the  mother-mass  is  much  greater  in  the  Had- 
field than  in  the  Horde  steel.*  In  other  words,  this  particular 
Horde  sample  is  affected  incomparably  more  as  to  its  ductility  and 
density,  yet  much  less  as  to  its  carbon  condition  and  hardness,  than 
til  is  particular  Hadfield  sample,  by  the  particular  treatment  em- 
ployed. 

In  brief,  where  the  difference  in  carbon  condition  is  much  the 
less,  there  the  difference  in  ductility  and  density  is  enormously  the 
greater.  This  strongly  opposes  the  belief  that  they  are  simply  cause 
and  effect. 

How,  then,  do  I  explain  the  increased  ductility  which  quenching 
causes?  I  do  not  explain  it.  To  suppose  a  molecular  change  is  not 
to  explain.  In  the  coarser  grain,  the  cleaner  demarcation  of  the 
microscopic  constituents,  I  see  no  explanation. 

But  can  we  confidently  ascribe  even  the  reported  increase  in  hard- 
ness caused  by  quenching  to  the  simultaneously  increased  proportion 
of  hardening  carbon?  I  think  not.  In  case  of  carbon-steel,  we  ascribe 
the  marked  results  of  sudden  cooling,  increase  of  strength,  hardness, 
brittleness,  loss  of  density,  change  in  magnetic  properties,  chiefly  to 
changed  condition  of  carbon.  In  case  of  manganese-steel  a  like 
operation  causes  results  either  greatly  different  in  degree,  or  opposite 
in  kind.  If  we  are  right  in  ascribing  to  the  increased  proportion  of 
hardening  carbon  in  carbon-steel  the  remarkable  effects  of  quench- 
ing, we  must  admit  that,  in  case  of  manganese-steel,  these  remark- 


*  I  understand  Mukai  to  think  that  the  large  proportion  of  liardening  carbon  in 
the  mother-mass  of  the  slowly-cooled  Horde  steel  is  doubtless  due  to  insufficiently- 
slow  cooling.  But  this  seems  questionable,  as  I  now  try  to  show.  Two  specific 
efTects  of  slowness  in  cooling  manganese-steel  are,  apparently,  to  make  it  light  and 
brittle.  If  then,  the  slowly-cooled  Horde  steel  was  cooled  only  rather  slowly,  why 
so  very  brittle,  and  why  so  very  much  lighter  than  the  quenched  piece  ?  If  slow 
ness  wa.s  deficient,  why  are  its  specific  effects  exaggeratedly  intense? 


NOTE    ON    MANGANESE-STEEL.  631 

able  effects,  which  here  might  be  expected  to  follow  the  like  carbon- 
change  caused  by  the  like  operation  of  quenching,  either  do  not 
exist,  or  are  completely  masked  by  changes  of  vastly  more  potent 
effect.  In  quenching  manganese-steel  we  are  in  the  presence  of 
effects,  and  perhaps  of  causes,  radically  different  from  those  present 
in  quenching  carbon-steel.  Hence,  while  the  transfer  of  the  carbon 
from  the  cement  to  the  hardening  state  which  we  say  causes  the  hard- 
ness of  quenched  carbon-steel,  may  also  cause  the  alleged  increased 
hardness  of  quenched  manganese-steel,  it  may  merely  contribute. 
Indeed,  the  hardening  of  manganese-steel  may  be  due  wholly  to 
those  potent  unknown  causes  through  which  quenching  makes  man- 
ganese-steel ductile,  but  carbon-steel  brittle. 

If  further  facts  were  needed  to  suggest  that  the  retention  of  the 
carbon  in  the  hardening  state  which  quenching  causes  is  not  the 
cause  of  the  ductility  of  quenched  manganese-steel,  a  striking  one 
seems  to  be  at  hand.  Osmond  finds  that  manganese  lowers  the 
range  of  temperature  at  which  the  carbon  in  steel  passes  from  the 
hardening  to  the  non-hardening  state,  and  also  that  of  the  supposed 
independent  change  in  the  condition  of  iron,  even  1  per  cent,  of 
manganese  lowering  the  points  of  most  raj)id  change  to  658°  and 
620°  C.  If  now,  as  has  been  assumed,  further  additions  of  manga- 
nese cumulatively  lower  these  points,  and  if  sudden  cooling  toughen 
manganese-steel  by  denying  the  time  needed  for  the  change  (or 
changes)  occurring  at  these  points,  then  cooling  suddenly  from  a 
temperature  certainly  as  low  as  658°,  and  probably  from  even  a 
lower  one,  should  suffice  for  toughening.  But,  in  point  of  fact, 
thorough  toughening  seems  to  require  quenching  from  a  much 
higher  temperature,  indeed  from  one  much  higher  than  that  needed 
for  hardening  carbon-steel.  In  default  of  direct  determinations, 
however,  one  may  not  speak  positively  about  this.* 

*  Mukai  appears  to  explain  the  properties  of  manganese-steel  in  part  by  the  sup- 
posed power  of  manganese  to  cause  the  retention  of  carbon  in  the  non-hardening  or 
cement  state.  But  has  it  tliis  power  here  ?  We  find  that  less  than  half  the  carbon  in 
the  slowly-cooled  Horde  manganese-steel  is  in  the  non-hardening  state,  while  in  a 
sample  of  apparently  similarly  slowly-cooled  carbon-steel  which  Mukai  reports  for 
comparison,  over  94  per  cent,  of  the  carbon  is  in  the  non-hardening  state. 
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THE  EILL-FAEM-PABBISR  MINE  FIE K] 

BY  PRANK  A.    HILL,    DUNBAR,   PA. 

(Schuylkill  Valley  Meeting,  Reading,  October,  1892.) 

After  a  long  struggle  with  an  underground  mine-fire  and  its 
accompanying  evils,  having  experienced  the  discouragement  of 
many  retreats,  the  uncertain  hope  of  varying  advances,  and  the 
gratification  of  final  success,  I  am  tempted  to  give  the  members  of 
the  Institute  some  of  the  details  of  the  fight.  I  do  not  write  with 
the  thought  of  treating  a  novel  subject,  but  with  the  hope  that  some 
one  as  unfortunate  as  ourselves  may  be  led  by  our  experience  to 
avoid  our  mistakes  and  to  profit  by  our  successes. 

The  fire  occurred  on  June  16,  1890.  It  was  a  calamity  awful  in 
its  results,  ringing  the  death-knell  of  thirty-one  stalwart  miners, 
bringing  sorrow  and  desolation  to  many  homes,  and  destroying  in  a 
few  hours  the  work  of  years.  While  there  have  been  a  number  of 
disasters  in  the  history  of  American  mining  in  which  there  was  a 
greater  loss  of  life  and  property,  I  know  of  none  in  which  so  simple 
a  cause  led  to  results  so  serious. 

A  description  of  the  mine,  with  the  details  of  the  accident,  is 
necessary  for  a  full  understanding  of  the  conditions  existing  at  the 
time. 

The  Hill-Farm-Parrish  mine  is  in  Dunl)ar  township,  Fayette 
county.  Pa.,  about  one  mile  from  Dunbar  station,  on  the  Pennsylva- 
nia and  Baltimore  &  Ohio  railroads,  about  four  miles  south  of  Con- 
nellsville,  nine  miles  northeast  of  Uniontown,  and  in  the  heart  of 
what  is  celebrated  as  the  Connellsville  coke  region.  The  mine  is 
owned  and  operated  by  the  Dunbar  Furnace  Company  ;  and  all  the 
coal  produced  is  made  into  coke  and  used  in  the  company's  furnaces, 
one  mile  to  the  east.  Tiie  mine  is  opened  by  two  slopes,  the  Hill- 
Farm  and  Parrish,  the  latter  known  also  as  the  Ferguson.  The 
Hill-Farm  slope  is  2600  feet  northeast  of  the  Parrish.  There  are 
150  ovens  at  the  former  and  70  at  the  latter  sloj>e.  The  Hill-Farm 
slope  is  4100  feet  in  length,  and  the  length  of  the  Parrish  at  the 
time  of  the  accident  was  3700  feet.  The  average  dip  of  the  coal  is 
about  8  degrees  S.  of  W.     The  workings  of  the  two  slopes  arc  con- 
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nected  in  a  number  of  places.  The  flat  headings  or  gangways  and 
the  rooms  intersect  in  one  general  system.  The  accompanying  map 
(Fig.  1)  shows  the  character  and  extent  of  the  workings.  Fig.  2  is 
a  plan  and  profile  of  the  Hill-Farm  slope.  Fig.  3  is  a  section  of 
the  Connellsville  seam,  as  shown  at  the  foot  of  bore-hole  No.  1. 

The  most  available  connection  between  the  slopes  at  the  time  of 
the  accident  was  what  is  known  as  the  Ferguson  heading,  the  others 
being  obstructed  by  falls  and  brattices.  The  pumps  at  Hill-Farm 
were  about  3500  feet  from  the  slope-mouth.  The  water  was  lifted 
about  500  feet,  through  a  vertical  8-inch  hole,  to  the  surface.  At 
Parrish  the  water  is  pumped  up  the  slope. 

The  steam  was  carried  down  the  slope  in  pipes  from  boilers  at  the 
respective  slope-mouths.  This  system,  however,  had  many  disad- 
vantages. A  large  proportion  of  the  steam  was  lost  in  transmittal  ; 
the  extreme  heat  of  the  slope  prevented  men  from  making  repairs 
satisfactorily;  and  the  ventilation,  while  equal,  if  not  superior,  to 
that  of  adjoining  collieries,  and  fully  within  the  requirements  of  the 
law,  was  not  as  good  as  could  have  been  produced  by  a  better  sys- 
tem. In  addition,  there  was  great  danger  from  fire,  due  to  the 
steam-dried  dust  and  timber  on  the  slope. 

A  plan  to  correct  these  troubles  was  being  rapidly  put  into  execu- 
tion when  the  accident  occurred  (this  plan  has  since  been  carried 
out).  Two  additional  bore-holes  were  sunk  from  the  surface  to  the 
foot  of  the  Hill-Farm  slope,  one  for  sending  down  steam  and  a 
second  for  pumping  water.  Boilers  were  to  be  erected  at  the  top  of 
the  steam-hole,  and  from  them  steam  was  to  be  carried  to  the  Hill- 
Farm  pumps.  The  Parrish  pump  was  to  be  moved  to  the  bottom  of 
the  second  bore-hole  at  the  Hill-Farm  ;  and  the  steam-pipe  from  the 
new  boilers  was  also  to  be  connected  with  it.  All  the  drainage  from 
both  pits  can  be  readily  handled  in  this  way.  This  scheme  gives 
dry  steam  direct  to  the  three  pumps,  removes  the  steam-line  from 
the  slope,  and  makes  a  very  simple  and  economical  pumping-system. 

A  14-foot  fan  at  the  Hill-Farm  and  a  12-foot  fan  at  Parrish  were 
to  supply  ventilation  for  both  pits.  Both  of  these  fans  are  now  in 
use. 

In  carrying  out  this  plan,  the  steam-hole  where  the  accident  oc- 
curred was  the  first  one  drilled.  It  was  completed  in  five  weeks, 
and  during  that  time,  though  frequent  tests  were  made,  no  indica- 
tions of  gas  were  seen.  The  hole  is  505  feet  deep  and  8  inches  in 
diameter.  It  contained  at  the  time  of  the  accident  a  depth  of  about 
475  feet  of  water. 
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This  hole  was  finished  on  Saturday,  June  14th,  the  drill  coming 
down  in  solid  coal,  about  6  feet  from  the  rib  of  the  slope. 

On  Monday,  June  16th,  John  Kerwin,  a  miner,  was  ordered  to 
cut  into  the  bore-hole  from  the  face  of  a  small  opening,  about  4 
feet  from  the  rib  of  the  slope.  By  11  a.m.,  Kerwin  had  taken  out 
two  wagon  loads  of  coal  and  had  cut  a  third  when  the  face  of  the 
coal  began  to  "  work."  Kerwin  and  Edward  Condren  (the  latter 
was  visiting  Kerwin  "to  see  him  get  a  ducking")  were  in  the 
rib-hole,  and  immediately  hurried  out  to  the  slope.  The  water  at 
once  came  out  with  a  rush  and  made  considerable  noise.  Both  men 
ran  up  the  slope  about  100  feet.  At  the  same  time  the  trip  of 
wagons  came  down  with  Frank  Maloy,  rope- rider,  on  the  front 
wagon.  At  this  time  there  were  within  sight  of  the  bore-hole,  Ker- 
win, Condren,  Maloy,  William  Landy,  and  William  Hayes.  All 
were  frightened  by  the  noise  of  the  water.  William  Hayes,  either 
with  the  object  of  turning  the  switch  for  the  wagons  to  go  into  the 
lower  flat  heading,  or  possibly  unnecessarily  alarmed  about  the  water 
injuring  the  men  below,  ran  down  the  slope  with  his  naked  light. 
As  he  passed  opposite  the  bore-hole  he  ignited  a  feeder  of  gas.  The 
best  testimony  seems  to  show  that  this  feeder  blew  out  about  6  feet 
and  went  back  again,  but  was  quickly  followed  by  another,  the  gas 
burning  as  from  the  end  of  a  pipe.  In  an  instant  a  muslin  brattice 
opposite  the  hole  was  in  a  blaze.  The  men  were  frightened,  and 
ran  for  a  place  of  safety.  In  a  few  moments  the  slope  was  on  fire. 
No  attempt  was  made  to  tear  down  the  brattice,  the  trip  was  not 
moved,  and  the  fire  extended  from  one  wooden  object  to  another 
until  the  slope  was  ablaze.  An  alarm  was  immediately  sounded, 
and  all  the  men  on  the  left  and  one  man  on  the  right  side  of  the 
slope  escaped  up  the  Hill-Farm  manway.  Thomas  and  Daniel 
Shearin,  fire-bosses,  and  David  Hayes,  pump-man,  consulted  hur- 
riedly as  to  what  to  do.  It  was  decided  that  Thomas  Shearin  go  to 
the  surface  and  have  the  bore-hole  closed,  in  order  to  cut  off  any 
current  of  air  there  might  be  down  the  hole.  He  left  his  brother 
Daniel  and  Hayes  at  the  junction  of  the  Ferguson  heading  and  Hill- 
Farm  manway,  3300  feet  from  the  surface.  He  told  them  he 
thought  it  was  impossible  to  render  any  help  to  the  men  on  the 
right,  29  in  number,  and  warned  them  in  case  they  were  compelled 
to  retreat,  "  for  God's  sake  to  go  by  the  way  of  Ferguson."  The 
mine-boss  and  his  assistant  were  at  the  slope-mouth  eating  dinner 
when  the  accident  occurred.  They  attempted  to  get  down  the  man- 
way,  but  were  driven  back  by  the  smoke.     They  then,  with  others, 
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went  down  the  Parrish  slope,  crossed  to  the  Hill-Farm  manway, 
and  on  down  to  within  100  feet  of  the  wooden  overcast  which  car- 
ried the  air  to  the  workings  on  the  right  hand  of  the  slope.  Every 
approach  to  the  slope,  as  well  as  the  slo|)e  itself,  was  filled  with 
smoke.  All  the  rooms  on  the  left  side  (I  flat)  were  visited  and  found 
empty,  the  men  having  escaped  by  the  manway.     After  several  iu- 
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effectual  attempts  to  cross  the  slope,  all  of  which  were  prevented  by 
the  smoke,  efforts  in  that  direction  were  for  the  time  abandoned.  It 
being  thought  probable  that  the  men  from  the  right  had  gotten  across 
the  slope  and  were  overcome  by  smoke  in  the  manway,  the  party 
retreated  by  way  of  the  Ferguson  heading  and  the  Parrish  slope. 
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and,  on  returning  to  the  Hill-Farm,  succeeded  in  getting  down  the 
full  length  of  the  manway,  which  in  the  meanwhile  had  become 
partially  clear  of  smoke.  About  midway  the  dead  bodies  of  Daniel 
Shearin  and  David  Hayes  were  found,  but  no  trace  of  the  others 
was  seen.  Continuous  and  desperate  efforts  to  cross  the  slope  to  the 
men  on  the  right  were  made  until  10  o'clock  in  the  evening,  but 
without  success. 

It  was  then  decided  to  erect  the  two  fans  at  once,  one  at  the  Par- 
rish  slope  and  the  other  at  the  Mahoning  slope  (the  Mahoning  slope 
adjoins  the  Hill-Farm  on  the  north,  and  is  operated  by  the  Cam- 
bria Iron  Company,  of  Johnstown).  These  two  fans  were  kindly 
furnished  by  Superintendent  Lynch,  of  the  H.  C.  Frick  Coke  Com- 
pany, by  the  efficient  work  of  whose  employees  one  of  them,  with 
its  engine,  was  ready  for  work  in  17  hours  from  its  arrival  on  the 
ground. 

It  was  evident  that  the  quickest  way  of  getting  at  the  fire  and 
saving  the  company's  property  was  from  the  Parrish  slope.  It  was 
thought  by  some,  however,  that  the  men  on  the  right  might  still  be 
living,  and  that  the  fan  at  Parrish,  if  set  in  motion,  might  blow  the 
flame  and  smoke  on  the  men.  This  opinion  was  incorrect;  but  so 
long  as  there  was  a  doubt  in  the  mind  of  any  one,  it  was  considered 
the  more  humane  plan  to  drive  through  the  dividing  pillar,  between 
the  Hill-Farm  and  Mahoning  mines.  The  Mahoning  slope  is  1800 
feet  north  of  the  Hill-Farm.  A  hole  was  started  from  the  Mahoning 
manway,  2600  feet  from  the  surface,  and  driven  through  the  gob  of 
the  old  workings,  in  the  direction  of  the  Hill-Farm.  This  hole, 
which  was  about  4  feet  high  by  6  feet  wide,  met  with  unexpected 
obstructions,  the  gob  being  packed  solidly  in  every  direction.  The 
hole  was  driven  some  400  feet  through  this  material,  and  about  150 
feet  through  the  solid  coal.  After  a  few  days  it  was  seen  that  the 
efforts  to  rescue  the  men  alive  could  not  possibly  meet  with  success; 
but  it  was  hoped  that  their  bodies,  at  least,  might  be  recovered. 
After  two  weeks  of  unremitting  labor,  the  Hill-Farm  workings  were 
reached  and  partially  explored,  but  no  trace  of  the  men,  excepting 
two  dinner-buckets  and  two  blouses,  were  found.  The  search  was 
then  abandoned,  and  a  3- foot  brick  wall  was  erected  in  the  pillar 
between  the  two  mines. 

During  the  two  weeks  that  the  attempt  from  the  Mahoning  mine 
was  being  made,  the  flames  were  sweeping  with  increasing  power  up 
the  Hill-Farm  slope  to  its  mouth.  For  several  days  previous  to  the 
abandoning  of  the  attempted  rescue,  the  flames  were  pouring  out  of 


638  THE    HILL-FARM-PA RRISH    MINE-FIRE. 

the  slope-ruouth.  As  soon  as  the  effort  from  the  Mahoning  side 
was  given  up,  we  at  once  built  wooden  brattices  on  the  Hill-Farm 
side  of  the  Parrish  slope,  in  order  to  protect  the  latter  slope  from  the 
gases  resulting  from  the  fire.  We  also  wished  to  cut  off  any  supply 
of  air  the  fire  might  receive  from  the  ventilating-current  of  the  Par- 
rish  workings,  which  we  intended  to  work  if  possible,  and  which  we 
did  operate  v/ithout  any  trouble.  The  mouths  of  the  Hill-Farm 
slope  and  man  way  were  sealed  with  brick  and  clay  brattices,  and  all 
crop-falls  and  openings  were  closed  as  far  as  possible.  In  two  days 
the  odor  of  the  leakage  of  black-damp  (carbonic  acid  gas,  CO2)  in 
the  crop-falls  was  plainly  noticeable,  and  its  deadly  effect  was  em- 
phasized by  the  presence  of  the  dead  bodies  of  dozens  of  birds,  field- 
mice,  and  rabbits  which  had  been  overcome  in  passing  the  holes. 
The  rapid  accumulation  of  black-damp  encouraged  us,  as  we  knew 
no  fire  could  burn  in  such  an  atmosphere,  and  that  under  such  cir- 
cumstances we  need  fear  no  accumulation  of  fire-damp  (carburetted 
hydrogen,  CH^). 

The  Hill-Farm  slope  is  one  of  the  oldest  in  the  Connellsville 
region.  Its  upper  levels  were  worked  with  methods  most  crude  and 
imperfect.  In  several  places  rooms  were  turned  directly  in  the  rib 
of  the  slope,  and  no  natural  pillars  remained  between  the  slope  and 
manway.  Artificial  pillars,  made  of  a  cribbing  of  old  timl)er,  slate, 
and  dirt,  were  substituted.  At  the  '^ Narrow  Timbers"  the  work- 
ings from  the  Mahoning  mine  crossed  the  boundary,  and  the  Hill- 
Farm  slope  was  driven  through  them.  The  Mahoning  pillars  in 
this  vicinity  had  been  robbed,  and  this,  together  with  close  working 
on  the  Hill-Farm  side,  had  caused  a  squeeze.  The  sides  and  top  of 
the  slope  and  manway  at  this  point  were  supported  by  cribbing,  old, 
oil-soaked,  and  dust-covered.  At  the  pumps  at  the  foot  of  bore-hole 
No.  1,  heavy  timbers  were  set  for  protection.  At  other  .scattered 
])oints  along  the  slope  there  was  timber,  but  as  in  most  of  the  coke- 
region  slopes,  there  was  little,  other  than  at  the  points  named.  The 
dust  and  timber  in  the  slope  were  dried  by  the  radiation  from  the 
pipes,  the  average  temperature  being  about  130°  F.  There  had 
been  no  gas  in  the  mine  for  two  years  previous  to  the  accident,  and 
none  in  quantity  for  eight  years.  The  lower  levels  of  the  mine 
were  in  good  condition. 

We  were  now  confronted  with  the  question,  how  to  recover  the 
mine.  Three  plans  suggested  themselves  :  1.  Open  a  new  slope  to 
the  south  of  the  Hill-Farm  slope.  2.  Abandon  the  Hill-Farm 
openings  and  hoist  all  the  coal  from  the  Parrish  slope  and  carry  it 
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overland  to  the  Hill-Farm  ovens;  or,  3.  Fight  our  way  down 
through  the  fire  and  falls,  and  re-establish  the  old  slope. 

The  first  plan  was  set  aside,  as  it  would  necessitate  sinking  the 
new  slope  through  unknown  and  abandoned  workings  for  over  3000 
feet,  with  little  prospect  of  excluding  from  it  the  fire  or  its  resultant 
gases. 

The  second  plan  was  tempting  as  being  easiest  and  safest,  though 
not  most  promising  in  its  final  results.  The  fire  would  remain  an 
unknown  quantity,  and  the  plan  would  necessitate  the  transporta- 
tion of  coal  over  a  high-grade  road,  making  a  double  haul  inside 
and  out.  The  results  would  be  uncertain  and  the  fire-conditions  un- 
changed. 

The  boldest  plan  was  finally  decided  upon,  viz.,  to  clean  up  the 
Hill-Farm  slope.  This  was  undertaken  with  some  misgivings,  not 
lightened  by  the  kindly-expressed  but  emphatic  assurance  of  expe- 
rienced men  that  it  could  not  be  done.  The  conditions  against  us 
were  the  unknown  quantity  and  character  of  the  fire,  the  condition 
of  the  cribbed  and  weakened  portion  of  the  mine,  and  the  irregular 
and  unmapped  workings.  The  only  thing  in  our  favor  was  the 
known  presence  of  great  quantities  of  black-damp,  and  the  probable 
absence  of  fire-damp. 

On  September  1st  the  mine  was  opened,  after  having  been  closed 
for  58  days,  during  which  time  the  black-damp  had  been  doing  its 
work.  Our  first  thought  was  to  recover  the  manway  entire,  and 
then  attack  the  slope.  The  manway  was  our  downcast  and  the 
slope  our  upcast.  We  reached  Koble's  Flat  without  meeting  any 
serious  obstruction.  Here  we  found  the  manway  fallen.  In  trying 
to  force  our  way  through,  we  found  the  slope  getting  hotter  and 
hotter,  until  it  was  again  ablaze,  and  the  fire  was  encroaching  on  the 
workings  to  the  south  of  the  manway.  We  still  fought  on  until  the 
_  cribbing  above  us,  between  the  slope  and  manway,  caught  fire,  and 
we  werecompelled  to  retreat  and  again  seal  up  the  mine.  Satisfied 
that  we  had  made  a  mistake,  we  decided  to  cut  the  slope  and  man- 
way  into  small  sections  and  clean  up  everything  as  we  moved  down. 
This  general  plan  was  carried  to  a  successful  issue. 

Our  first  brattice  (A)  was  erected  on  the  manway,  and  the  air- 
current,  instead  of  continuing  down  the  manway,  took  the  shorter 
way  through  the  "cut-through,"  into  the  slope.  Brattice  B  was 
then  put  upon  the  slope.  These  brattices  were  made  of  wood,  with 
the  joints  clayed,  and  were  banked  at  the  bottom  with  burned  ore- 
dust.     The  course  of  the  air  was  then  down  the  manway,  through 
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the  "  cnt-through/'  and  up  the  slope.  These  brattices  gave  us  clean 
ventilation  where  we  wanted  it,  reduced  very  materially  the  supply 
of  air  to  the  fire  below,  and  perraitteil  the  black-damp  from  the  old 
workings  and  the  results  of  combustion  from  the  smouldering  fire 
below  to  collect  and  hold  the  fire  in  check.  It  was  always  a  strug- 
gle to  put  up  the  slope-brattices.  The  leakage  from  the  manway 
and  other  points,  and  the  natural  expansion  of  the  heated  air  from 
below,  brought  up  volumes  of  hot  air,  gas,  and  very  fine  hot  dust 
that  were  hard  for  the  men  to  endure.  By  using  shields  of  brattice- 
cloth  and  nailing  them  to  the  coal  on  the  top  and  sides,  we  suc- 
ceeded, by  their  temporary  protection,  in  erecting  the  wooden  brat- 
tices. 

A  line  of  water-pipe,  2|  inches  diameter,  was  laid  along  the  man- 
way,  and  from  it  side-lines  of  pipe  and  hose  were  laid  onto  and  up 
the  slope.  The  slope  was  filled  with  falls  and  accumulated  coke  and 
ashes.  Most  of  this  would  blaze  up  as  the  fire  reached  it.  When 
the  fire  was  watered  out  sufficiently  to  permit  the  fallen  material  to 
be  loaded  into  wagons,  it  was  hoisted  to  the  waste-bank  on  the  sur- 
face. As  each  section  was  cleaned  and  made  safe,  the  slope-brattice 
was  first  removed  and  then  the  manway  brattice;  the  manway  brat- 
tice (C)  for  the  next  section  was  then  put  up,  followed  by  the  slope- 
brattice  D,  and  the  ventilation  thus  advanced.  This  scheme  of 
bratticing  was  continued  until  the  water  which  had  accumulated  at 
the  bottom  of  the  slope  was  reached. 

It  is  impossible,  in  a  paper  of  this  character,  to  give  the  details  of 
the  work.  We  were  confronted  daily  by  unexpecteii  obstructions, 
and  could  only  meet  them  as  they  arose.  Our  success  was,  there- 
fore, not  due  to  any  well-conceived  plan  of  action,  but  to  persistent 
sticking  to  the  work  until  we  had  accomplished  it. 

Several  jwints  especially  hard  to  overcome  are  worthy  of  notice. 
On  reopening  the  mine  after  our  failure  to  get  down  the  full  length  , 
of  the  manway,  we  found  a  new  fall  of  slate  on  the  manway  just 
below  "  Bevil's  Flat."  It  was  decided  best  not  to  move  this  fall, 
but  to  cut  through  the  pillar  and  around  it.  In  doing  this  some  of 
the  loose  coal  was  thrown  on  the  fall.  Several  weeks  later,  while 
working  below  this  point,  smoke  and  gas  burst  through  the  brattices 
and  we  were  again  compelled  to  retreat.  This  time  we  cleared  the 
fall,  having  found  it  a  mass  of  fire.  I  believe  this  to  have  been  a 
case  of  spontaneous  combustion. 

Our  greatest  difficulty  Nvas  at  the  "  Narrow  Timbers."  It  is  evi- 
dent that  the  timbers  here  were  burned   in  the  early  stages  of  the 
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fire,  and  the  weight  of  slate,  sandstone  and  coal  falling  blocked  the 
slope  and  spread  the  flame  to  the  right  and  left.  We  nnade  two  at- 
tempts to  pass  this  point  without  success.  We  first  tried  to  force 
our  way  down  the  old  man  way.  After  running  great  risk  from  falls, 
gas,  and  heat,  we  reached  Jacob's  Ladder,  to  find  everything  burn- 
ing. We  again  retreated,  and  decided  to  cut  down  through  the 
rooms  to  the  left  of  the  manway,  thinking  we  could  get  to  the  left 
of  the  fire  and  fight  it  towards  the  slope.  After  struggling  through 
the  abandoned  rooms  and  pillars  for  300  feet  we  found  the  fire  had 
reached  out  to  our  point  of  intersection  with  the  Jacob's  Ladder 
level.  Thoroughly  disheartened,  we  again  closed  the  mine  for  sev- 
eral weeks. 

When  we  again  reopened,  we  drove  a  new  manway  in  the  pillar 
between  the  slope  and  the  old  manway,  and  by  cutting  the  "  Nar- 
row Timbers  "  section  into  very  small  portions,  succeeded  in  getting 
through  tliera.  The  fall  here  is  about  40  feet  liigh,  and  for  the  pro- 
tection of  the  men  from  falls,  we  were  compelled  to  build  cribbings 
and  cross-timber  as  rapidly  as  the  debris  was  removed.  These  crib- 
bings frequently  caught  fire,  and  gave  us  endless  trouble,  and 
required  constant  watchfulness.  We  finally  cleared  up  and  rebuilt 
the  "Narrow  Timbers,"  after  being  held  at  them  for  three  months 
without  advancing  a  foot.  At  the  "A"  and  "B"  flats  we  had 
great  trouble  with  fire  in  the  interleaved  seams  of  slate  and  coal 
which  overlie  the  main  bench  of  coal.  We  here  verified  the  expe- 
rience of  other  mine-fires.  Here,  as  at  other  points,  there  was  no 
serious  fire  in  the  main  coal ;  but  in  the  slate,  in  its  heat-broken  and 
cracked  condition,  the  fire  extended  several  feet  into  the  rib  and  top. 
We  had  great  trouble  from  this  cause.  We  could  not  reach  the  fire 
with  water.  We  could  deaden  it  for  several  inches  from  the  rib, 
but  on  leaving  it  and  advancing,  it  would  burst  out  afresh  and  bring 
us  back.  It  was  suggested  that  we  blast  the  fire  out  of  the  top  and 
sides.  This  we  did.  A  hole  was  drilled,  the  hose  pipe  inserted, 
and  the  water  allowed  to  play  into  it.  When  sufficiently  cooled, 
dynamite  was  hurriedly  inserted  and  fired,  bringing  down  the  burn- 
ing slate  and  coal.  It  was  quickly  extinguished  with  the  hose,  and 
the  work  pushed  on  to  the  lower  levels. 

After  numerous  difficulties  we  reached,  October  1, 1891,  the  water 
which  had  accumulated  in  the  mine.  Our  anxiety  in  regard  to  the 
fire  was  over,  and  pumping  at  once  began.  On  March  25th,  the 
Avater  was  lowered  so  that  "  J,"  or  No.  10  flat  was  entered,  and  the 
bodies  of  23  of  the  men  were  recovered;  on  April  12th  the  mine 
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was  dry  and  the  remaining  6  bodies  were  taken  out.  It  was  a  mat- 
ter of  much  satisfaction  that  we  were  able  to  identify  each  of  the 
men  and  give  them  to  their  friends  for  burial  among  their  own. 
The  bodies  were  generally  recognized  by  their  clothing,  checks, 
watches,  or  some  physical  distinction.  The  faces  of  two  were  still 
recognizable.  The  general  action  of  the  water  on  the  flesh  seemed 
rather  to  "  mummify "  than  to  destroy.  One  face  was  petrified. 
The  clothing  was  generally  perfect,  except  that  where  there  was 
iron,  as  in  belt-buckles  or  buttons,  these  were  gone.  There  was  no 
sign  of  suifering  on  any  of  the  men,  and,  with  one  or  two  exceptions, 
no  sign  of  resistance  to  their  fate.  All  had  apparently  quietly  slept 
away,  overcome  by  the  wood  smoke  in  a  few  minutes  from  the  starting 
of  the  fire. 

The  immediate  cause  of  the  accident  was  the  ignition  of  gas  from 
the  bore-hole,  which  fired  a  muslin  brattice  used  to  divide  the  air  in 
the  lower  slope.  This  fire  extended  to  the  trip  of  wagons,  from  the 
wagons  to  the  wooden  overcast,  from  the  overcast  to  the  timbers  at 
the  pumps,  and  from  them  uj)  the  slope.  There  was  no  explosion. 
Doors,  brattices,  and  stoppings  were  untouched.  Light  objects 
within  10  feet  of  the  bore-hole  were  unmoved.  There  was  no  after- 
damp. Wood  smoke  filled  the  mine  and  killed  the  men.  There 
was  a  peculiar  though  simple  combination  of  circumstances  that  fatal 
morning.  Had  William  Hayes  delayed  his  trip  down  the  slope  a 
few  seconds  longer  the  gas  would  have  been  diffused  and  been  non- 
explosive.  Had  the  trip  of  wagons  not  come  down  when  it  did,  the 
fire  would  have  burned  itself  out  at  the  brattice.  The  presence  of 
the  gas  was  entirely  unforeseen  and  unexpected.  Where  it  came 
from  I  do  not  know.  Mr.  William  Duncan,  State  Mine  Inspector 
of  the  Fifth  Bituminous  District,  than  whom  there  is  no  higher 
authority,  contends  that  in  this  case  the  gas  came  from  the  5-foot 
coal-bed  about  75  feet  above  the  Connellsville  bed.  Mr.  Duncan 
considers  the  5-foot  bed  the  great  gas-reservoir  of  the  district.  This 
is  the  opinion  generally  held  throughout  the  region.  The  main  coal 
with  us  discharges  no  gas. 

During  the  progress  of  the  work  we  had  black-damp  and  white- 
damp  (carbonic  oxide,  CO)  to  contend  with.  The  white-damp  was 
the  most  insidious  danger,  as  the  men  failed  to  recognize  its  presence 
until  too  late  to  escape  its  effect.  The  black-damp  was  annoying, 
and  caused  the  men  much  discomfort,  but  only  by  its  use  in  forcing 
it  back  on  the  fire  were  we  successful  in  accomplishing  our  work. 
I  believe  there  was  no  fire-damp  in  the  mine  at  any  time  during  the 
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work.  Frequently,  in  watering  the  fire,  we  would  have  slight  ex- 
plosions of  a  gas  which  burned  with  a  blue  flame. 

Our  experience  showed  us  that  there  is  little  coal  destroyed  by 
fire  in  a  bed  like  the  Connellsville  seam.  The  face  of  the  coal  is 
coked,  and  prevents  further  combustion  by  cutting  off  the  air.  If 
the  fresh  air,  coming  in  contact  with  the  burning  coal,  is  reduced  to 
a  minimum,  the  fire  can  be  held  in  check;  but  an  extremely  small 
amount  will  support  combustion  in  burning  wood.  Our  most  stub- 
born fires  were  sustained  by  old  timber.  We  learned  that  the 
bituminous  slate  of  the  Connellsville  bed  sustains  fire  better  than 
the  coal;  and  also,  that  the  conditions  for  the  extinguishing  of  fire 
have  to  be  such  as  to  insure  the  practical  exclusion  of  air  and  the 
placing  of  water  directly  on  the  burning  material.  Last,  but  not 
least,  our  experience  taught  us  that  we  could  not  work  on  any  pre- 
conceived idea,  but  were  obliged  to  modify  our  plans  daily,  and  that 
from  the  start  to  the  finish,  our  final  success  was  very  uncertain. 
The  mine  to-day  is  in  first-class  shape,  our  only  inconvenience  re- 
sulting from  the  fire  being  in  the  frequent  fiills  of  the  shattered  roof 
of  the  slope. 

Our  experience  has  shown  that  there  should  be  stone,  brick,  or 
other  non-combustible  brattices  between  all  main  haulage-ways  and 
air- ways.  All  overcasts  and  air-crossings  should  be  made  of  stone, 
brick,  or  iron.  No  steam-lines  should  be  permitted  on  main  haulage- 
ways,  travelling-ways,  or  air-ways.  Bore-holes  through  the  over- 
lying measures  should  be  opene<l  at  times  when  no  men  are  in  the 
mine  other  than  those  necessary  to  perform  the  immediate  work. 
Men  of  known  skill  and  courage  should  alone  be  trusted  to  do  the 
work.  The  mine-boss  should  be  on  the  spot  when  the  work  is  done. 
Our  experience  again  emphasizes  the  uncertainty  of  mining  and  the 
necessity  for  "eternal  vigilance." 

The  credit  for  the  success  of  this  work  is  largely  due  to  Robert 
Lang,  our  mine-superintendent.  His  undaunted  courage,  persistent 
energy,  and  constant  watchfulness  carried  us  through  the  work  with- 
out the  loss  of  a  man  or  the  serious  injury  of  any  one.  He  was 
ably  assisted  by  Hugh  Doran,  William  Beane,  William  Holsing, 
John  Stevenson,  Michael  Callahan,  shiftmen,  and  John  and  Charles 
McBride  and  our  employees  generally  did  faithful  work.  Without 
their  fearless,  honest  effort,  this  paper  could  not  have  been  written. 

The  mine  is  open  to  the  individual  inspection  of  any  one,  and  can 
"  speak  for  itself." 


644  THE   MESABI   IRON-RANGE. 


THE  MESABI*  IBON- RANGE. 

BY  HORACE  V.    WINCHELL,   F.G.S.A.,    MINNEAPOLIS,    MINN. 

(Schuylkill  Valley  Meeting,  Reading,  October,  1892.) 

I.  Introductory. 

This  paper,  embodying  information  acquired  by  the  writer  in  his 
work  in  connection  with  the  Geological  Survey  of  Minnesota,  is  pre- 
sented by  permission  of  the  State  Geologist. 

Historical. — On  November  16,  1890,  the  workmen  of  Captain  J. 
A.  Nichols,  of  Duluth,  Minn.,  encountered  in  a  test-pit  on  the  north- 
west quarter  of  section  3,  township  58,  range  18,  west  of  the  fourth 
principal  meridian,  the  body  of  soft  ore  now  called  the  Mountain 
Iron  mine.  Hard  ore,  chiefly  magnetic,  had  been  known  for  many 
years  on  the  Mesabi  range,  and  explorations  made  by  Mr.  E.  V[. 
Griffin,  of  Minneapolis,  near  the  falls  of  Prairie  river  in  T.  56-24  and 
T.  56-25,  and  by  John  Mallniann,  at  the  Mallmann  explorations, 
T.  59-14,  had  revealed  some  hard  hematite  interbedded  with  quartz- 
ite  and  low-grade  soft  ore;  but  this  was  the  first  discovery  of  mer- 
chantable hematite  on  the  range.  Captain  Nichols  had  been  explor- 
ing more  or  less  along  the  range  for  some  two  years.  To  him  and  to 
the  Merritt  brothers,  of  Duluth  and  Oneota,  who,  unshaken  in  faith 
by  the  discouraging  reports  of  explorers,  miners,  experts,  and  geolo- 
gists, had  persevered  in  the  search  for  ore,  great  credit  is  due  for  the 
final  success,  and  large  rewards  have  accrued  to  them  already. 

*  Concerning  the  orthography  of  this  name,  much  confusion  prevails.  Nicollet's 
map  has  it  Missabay  ;  Whittlesey,  reproducing  (about  1866)  a  portion  of  that  map, 
changed  it  to  Mesabi;  aud  this  form  has  been  employed  for  til'teen  years  in  the  re- 
ports of  the  State  Geological  Survey.  It  properly  superseded  the  earlier  form,  be- 
cause it  more  correctly  represents  the  pronunciation  of  the  Chippewa  word,  the 
accent  of  which  is  on  the  second  syllable,  while  the  final  vowel  has  a  vanishing 
sound,  like  short  i.  It  conforms,  moreover,  to  the  accepted  rules  for  the  translitera- 
tion of  Indian  names.  To  these  reasons,  justifying  tlie  original  proposal  of  it  by 
Whittlesey,  may  now  be  added  the  priority  of  usage  for  many  years,  as  compared 
with  such  forms  as  Missabe,  Missnba,  Me-iabe,  and  Missabi,  whicii  do  not  deserve,  on 
any  ground  whatever,  to  be  perpetuated.  It  may  be  added  that  in  the  Indian  pro- 
nunciation, besides  the  particMilars  already  mentioned,  the  s  is  softly  sibilant  (be- 
tween s  and  z)  and  the  a  is  broad  (between  ah  and  aw). 
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Attention  had  been  attracted  to  the  Mesabi  belt  as  early  as  1875, 
and  several  iron  experts  of  repute  examined  the  various  outcrops  of 
ore  known  at  that  time.  The  journey  was  an  arduous  one  into  a 
dense  wilderness,  and  it  is  no  wonder  little  exploring  work  was 
done.  The  mere  outcrops  were  properly  enough  condemned,  for  the 
only  iron  to  be  seen  was  in  thin  strata  of  magnetite,  banded  with 
jaspery  quartzite,  under  which,  in  some  places,  could  be  seen  the 
rocks  of  the  Archaean.  Prof.  A.  H.  Chester,  of  Hamilton,  N.  Y., 
was  one  of  those  who  visited  the  Mesabi  in  1875.  His  account  of 
the  ores  and  rocks  may  be  found  in  the  eleventh  annual  report  of 
the  Minnesota  Geological  Survey,  pp.  154  to  167.  Captain  A.  P. 
Wood  and  others  were  sent,  about  eight  years  ago,  to  the  very  prop- 
erty now  owned  by  the  Mountain  Iron  Company,  but,  seeing  nothing 
but  the  lean  outcrops,  they  reported  adversely  on  it. 

In  short,  the  opinion  of  the  early  explorers  was  unanimously  un- 
favorable to  the  range.  Some  of  them,  finding  the  titaniferous  ore 
of  the  gabbro,  drew  the  hasty  conclusion  that  all  the  ores  on  the 
range  would  be  worthless  on  account  of  titanium.  The  impression 
gained  ground,  after  the  mines  on  the  Vermilion  range  were  opened, 
that  there  was  no  ore  worth  mining  on  the  Mesabi,  because  it  con- 
sisted of  nearly  horizontal  strata,  or,  in  miners'  parlance,  was  a 
"  blanket  formation."  The  ore-deposits  in  the  ranges  on  the  south 
shore  of  Lake  Superior  are  all  inclined  at  high  angles,  and  a  flat  de- 
posit of  soft  ore  of  any  considerable  purity  and  thickness  was  un- 
known in  this  country.  In  spite  of  all  this  unfavorable  opinion,  and 
against  the  advice  of  their  friends,  the  Merritts  continued  to  look  for 
outcrops,  and  dig  holes  in  the  ground,  and  never  ceased  to  dream  of 
hidden  stores  of  iron  treasure. 

It  should  be  noted,  however,  that  the  State  Geologist  and  his  as- 
sistants had  again  and  again  expressed  in  conversation  and  put  on 
record  in  various  reports  the  opinion  that  the  Mesabi  was  likely  to 
yield  large  quantities  of  good  ore.  They  showed  by  diagrams  that 
the  formation,  although  flat,  did  contain  good  ore,  and  they  indi- 
cated where  the  ore  would  occur  in  relation  to  the  other  rocks  of  the 
range.  The  order  of  stratification  was  studied  and  explained  two  or 
three  years  before  any  ore  was  discovered,  and  finally  they  went  so 
far  as  to  hazard  the  prediction  that  the  Mesabi  range  was  likely  to 
produce  more  ore  than  the  Penokee-Gogebic* 

This  and  many  other  statements  of  similar  import  put  the  Geo- 

*  Bulletin  No.  6,  p.  160. 
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logical  Survey  on  record  as  favoring  the  Mesabi  against  the  judg- 
ment of  nearly  all  the  actual  mine  operators  and  scientists  who  had 
examined  it. 

If  the  geology  of  the  range,  as  it  is  described  in  the  annual  reports 
for  1887  and  1888,  was  better  understood  by  the  explorers  on  the 
range  at  the  present  time,  there  would  be  fewer  test-pits  vainly  sunk 
in  greenstone,  granite,  and  quartzite. 

Extent  of  the  Range. — The  accompanying  map  shows  the  position 
of  the  Mesabi  range.  The  ore-formation  extends  in  Minnesota  from 
the  Canadian  boundary  a  little  west  of  south  140  miles  or  more  to 
and  beyond  the  Mississippi  river,  in  township  55-25.  For  part  of 
this  distance  the  ore-bearing  rocks  are  concealed  by  the  later  gabbro 
overflow. 

The  width  of  the  ore-belt  probably  nowhere  exceeds  2  miles, 
and  is  generally  less  than  1  mile.  The  ore  lies  in  nearly  flat  beds 
varying  in  thickness  up  to  100  feet.  It  is  not  to  be  inferred,  how- 
ever, that  there  is  a  continuous  belt  of  ore  half  a  mile  to  a  mile  or 
more  wide,  and  40-.^0  feet  thick,  extending  for  140  miles  on  this 
range.  The  ore-deposits  are  found  at  intervals  over  this  area,  where 
the  conditions  necessary  for  their  formation  and  accumulation  exist. 
These  conditions  will  be  explained  later.  The  ore  on  the  eastern 
end  of  the  range  is  hard,  black,  and  magnetic,  all  possibly  owing  to 
the  heat  of  the  gabbro  overflow.  The  central  and  western  portions 
contain  soft  hematite,  limonite,  and  gcethite,  with  hard  hematite  and 
limonite  streaks  of  variable  thickness. 

Up  to  this  date  (June,  1892)  ore  in  merchantable  quantity  has  been 
found  on  the  central  part  of  the  range  in  seven  townships,  over  a 
length  of  40  miles.  There  is  good  reason  to  believe  it  will  be  found 
in  many  places  where  no  work  has  been  done  yet,  as  well  as  in  some 
sections  where  hasty  or  misdirected  exploration  has  so  far  failed  to 
find  it. 

Extent  of  Other  Ranges. — Iron-mines  at  present  are  worked  on  the 
Vermilion  range  at  two  points  only — Tower  and  Ely,  23  miles 
apart.  Other  Lake  Superior  ranges  compare  in  extent  as  follows  : 
Marquette,  from  Goose  lake  to  Three  lakes,  34  miles;  Menominee, 
from  the  Breen  mine  to  the  Nanaimo,  50  miles  ;  Penokee-Gogebic, 
from  Sunday  lake  to  Upson,  on  the  Wisconsin  Central  railroad,  30 
miles  or  less. 

It  is  thus  evident  that  the  Mesabi  range,  considering  merely  the 
area  of  the  iron  formation,  gives  opportunity  for  a  much  larger  quan- 
tity of  iron-ore  than  any  other  in  the  Lake  Superior  region. 
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In  favorable  situations  the  ore-deposits  on  the  Mesabi  may  have  a 
width  of  a  mile  and  a  length  of  2  miles.  The  width  of  ore-bodies 
here  corresponds  to  the  depth  on  other  ranges.  Hence  there  may  be 
in  one  ore-deposit  on  the  Mesabi,  as  much  ore  within  100  feet  of  the 
surface  as  on  the  Vermilion  or  Marquette  range  down  to  the  depth 
of  one  mile. 

There  is,  moreover,  the  ])ossibility  that  the  ore  of  the  Mesabi  will 
be  found  to  extend  indefinitely  to  the  south,  under  the  Animikie 
black  slates  and  even  under  the  gabbro  and  traps  of  the  Lake  Supe- 
rior basin,  until  it  reappears  in  the  Penokee-Gogobic  range  on  the 
south  shore.  But,  while  we  admit  this  possibility,  we  must  confess 
that  we  do  not  consider  it  likely  to  be  the  case.  The  nature  of  the 
ore,  its  probable  method  of  origin  as  explained  below,  its  porous 
texture  and  hydrated  compositions,  combined  with  our  general  geo- 
scopy,  force  us  to  the  opinion  that  the  merchantable  ore-beds  are 
narrow  and  only  locally  developed.  If  here  and  there  ore  is  found 
at  a  considerable  depth  under  the  black  slates  it  will  be  due  to  con- 
ditions which  cannot  be  expected  to  prevail  over  a  wide  region. 

II.     Geology. 

The  geology  of  the  Mesabi  has  been  discussed  in  the  various 
annual  reports  of  the  Minnesota  Survey  which  have  described  field 
work  in  the  northern  part  of  the  State.  The  United  States  Geologi- 
cal Survey  has  also  added  considerably  to  the  literature  of  the  sub- 
ject. The  views  of  different  geologists  as  expressed  in  these  and 
other  publications  will  be  found  referred  to  in  the  report  on  "  The 
Iron  Ores  of  Minnesota,"  Bulletin  No.  6,  Geol.  Nat.  Hist.  Surv.  I 
shall  here  give  merely  an  outline  of  the  views  entertained  at  present. 

This  belt  presents  a  series  of  strata,  wide-sjjread  and  of  immense 
thickness,  entirely  confined  to  the  south  side  of  a  range  of  granite, 
syenite  and  green  schist  hills.  Although  the  country  is  now  much 
lower  than  formerly,  no  trace  of  the  Mesabi  range  rocks  has  beeu 
reported  north  of  the  granite  of  the  Giant's  range  in  this  State.  Ti)e 
altitude  of  the  various  portions  of  the  range  is  not  the  same.  Eleva- 
tions or  depressions  amounting  to  hundreds  of  feet  have  taken  place, 
and  the  horizontal  Taconic  strata  of  the  Mesabi  have  simply  sunk 
or  been  elevated  with  the  granite  and  schist  which  sustain  them. 
On  the  southern  slope  of  the  granite  range,  whose  summits  form  blue 
hills,  visible  for  thirty  miles  south  or  north,  there  are  accumulated 
strata  of  quartzites,  iron  slates,  quartz  slates,  cherts  and  argillites 
with  flows  of  gabbro  and  trap,  thousands  of  feet  in  thickness.     Yet 
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only  the  gabbro  eruptives  appear  to  have  extended  north  of  the  lofty 
Giant's  range,  and  that  very  seldom.  It  is  not  credible  that  the 
Tacouie  strata  once  existed  north  of  the  granite  and  have  since  been 
swept  away  by  erosion — glacially  or  otherwise.  The  sharp  deep 
gorges  in  the  folded  crystalline  and  earthy  schists  of  the  Ver- 
milion range,  which  lies  at  the  foot  of  the  Giant's  range  to  the  north, 
would  surely  retain  some  traces  of  sediments  which  formerly  filled 
them.  And  if  the  huge  granite  range  was  such  a  protection  for  the 
soft  ores  and  slates  which  lie  on  its  southern  slope  as  to  leave  those 
extensive  deposits  of  soft  iron-ore  which  are  now  being  discovered 
just  beneatli  the  drift  mantle,  surely  there  would  be  some  protection 
afforded  to  similar  rocks  by  the  lesser  parallel  ridges  further  north, 
and  some  remnants  of  the  slates  would  be  found,  if  they  had  ever 
existed  there.  There  is  moreover,  a  striking  difference  in  the  topo- 
graphy on  the  two  sides  of  the  Giant's  range,  especially  west  of  the 
gabbro  sheet.  On  the  north  abrupt  ridges  and  narrow  gorges  in 
the  vertical,  eastward  trending  folds  of  the  Keewatin ;  on  the  south, 
a  smooth  plain  of  black  slates,  covered  by  till  and  sloping  gently 
southward  for  fifty  miles ;  north  of  the  granite,  rock-cuts  are  frequent 
on  the  Duluth  and  Iron  Range  R.R. ;  south  of  it,  on  the  Duluth, 
Missal)e  and  Xorthern  R.R.  there  is  not  a  rock-cut  for  many  miles. 
These  difft^rences  can  be  explained  in  only  one  way — the  limitation 
of  the  early  Taconic  ocean  by  this  granite  shore. 

The  rocks  exposed  on  the  Mesabi  are  the  following  in  descending 
order : 

7.  Gabbro,  unconformable  on  slates,  Taconic. 

6.  Black  slates  (Animikie),  Taconic. 

5.  Greenish  siliceous  slates  and  cherts,  Taconic. 

4.  Iron-ore  and  taconite  horizon,  Taconic. 

3.  Quartzite,  unconformable  on  1  and  2,  Taconic. 

2.  Green  schists  of  the  Keewatin,  Archaean. 

1.  Granite  or  syenite  of  the  Giant's  range,  Archaean. 

It  is  essential  to  economical  exploration  on  the  range  that  these 
different  rock-horizons  be  distinguished.  To  the  explorer,  the  dif- 
ference between  the  green  slates  of  the  Taconic  and  the  green  schists 
of  the  Keewatin  is  of  the  utmost  importance.  The  former  lie  mainly 
above  the  ore-horizon  and  the  latter  entirely  beneath  it.  If  he  cannot 
distinguish  them  at  sight,  he  cannot  tell  which  way  to  direct  his  line 
of  test-pits  or  when  to  stop  work  in  any  one  of  them.  If  he  calls 
the  chert  quartzite  and  then  concludes  that  he  is  below  the  ore, 
because  the  quartzite  lies  below  the  ore,  he  makes  a  mistake  which 
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may  be  costly  or  fatal.  Many  similar  instances  have  come  under 
my  observ^ation.  By  determining  such  questions  of  structural  rela- 
tion and  deducing  practical  rules  for  guidance  in  the  field,  the  geo- 
logist renders  to  the  miner  the  most  direct  and  welcome  service ; 
and  it  is  with  that  view,  rather  than  as  a  purely  scientific  discussion, 
that  the  present  paper  has  been  prepared. 

In  describing  these  rocks  we  may  commence  with  the  oldest : 

1.  Granite  of  the  Giaiifs  Range. — The  granite  or  syenite  of  the 
Giant's  Range  lying  north  of  the  Mesabi  iron-belt,  and  forming  high 
rounded  ridges  of  pink  or  gray  crystalline  rock,  is  composed  of 
rather  coarse  crystalline  grains  of  gray  or  flesh-colored  feldspar, 
bluish  translucent  quartz,  and  black  mica  or  hornblende.  It  usually 
possesses  no  bedded  structure,  and  can  be  broken  with  almost  equal 
ease  in  any  direction.  It  is  older  than  the  rocks  of  the  iron  forma- 
tion proper,  and  lies  beneath  them  from  the  Mountain  iron-mine 
westward.  It  is  bounded  on  the  north  by  a  belt  of  crystalline  mica 
and  hornblende  schist,  and  on  the  south  it  seems  to  pass  by  direct 
transition  into  the 

2.  Green  Schists  of  the  Keewatin. — These  schists  constitute  the 
rock  commonly  called  "greenstone,"  or  "diorite,"  by  explorers. 
They  are  gray  to  green  in  color,  softer  than  the  granite,  and  have  an 
earthy  appearance  instead  of  a  bright  crystalline  lustre  like  the  mica 
schist.  When  not  massive,  the  green  schists  have  a  cleavage  which 
is  nearly  vertical.  They  never  occur  in  horizontal  layers  like  the 
quartzite  and  slate.  The  lower  beds  of  the  Mesabi  ore-formation 
{i.e.,  the  basal  quartzite)  always  rest  upon  these  Archajun  green 
schists  or  upon  the  granite,  and  the  nature  and  extent  of  the  ore- 
bodies  seem  to  be  entirely  independent  of  the  species  of  this  under- 
lying rock. 

The  green  schist  does  not  always  follow  the  course  of  the  granite 
range.  It  diverges  and  forms  minor  ridges,  uplifting  the  quartzite 
and  iron  strata  for  several  miles  from  the  main  ridge.  The  presence 
of  these  ridges  of  granite  or  green  schist,  whether  exposed  or  not, 
is  one  of  the  essential  accompaniments  of  a  body  of  soft  ore,  as  will 
be  seen  later.  This  green  schist  is  the  same  as  that  of  the  Vermilion 
iron  range,  and  it  is  not  impossible  that  lenses  of  hard  ore  may  be 
discovered  in  it  in  some  places  beneath  the  ore  of  the  Mesabi.  These 
schists  are  covered  in  many  places  by 

3.  Quartzite  Unconformable  on  Nos.  1  and  2. — This  rock  is  the 
lowest  member  of  the  Taconic  strata  constituting  ths  Mesabi  iron- 
formation.    It  is  white,  gray,  green,  pink,  or  purph,  ani  is  composed 
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of  rounded  grains  of  sand,  mostly  silica.  It  never  has  a  high  dip, 
so  far  as  seen  on  that  portion  of  the  range  west  of  the  gabbro  over- 
flow. Where  it  lies  upon  granite  it  is  pink  or  white,  or  may  be 
stained  red  by  iron.  When  it  rests  on  green  schist  it  is  finer- 
grained,  usually  in  thinner  strata  and  gray  or  greenish  in  color.  Near 
the  bottom,  it  often  contains  pebbles  of  quartz  and  granite,  as  well 
as  jasper  and  greenstone.  It  has  also  been  observed  to  contain  white 
mica  in  horizontal  scales  as  large  as  half  an  inch  across.  In  some 
thin  section^,  the  secondary  enlargement  of  the  quartz  grains  is  well 
shown.  In  others,  the  grains  fit  closely  together,  and  there  are  no 
interstitial  spaces,  although  the  quartz  is  crystalline.  Where  this 
rock  is  found  in  test-pits  under  the  ore,  it  has  usually  lost  for  some 
distance  below  the  contact  its  character  of  hard  vitreous  qnartzite, 
and  is  a  soft,  coarse,  crumbling  sandstone,  white  or  iron-stained.  No 
merchantable  iron-ore  is  found  in  or  below  this  qnartzite  (unless  in 
the  green  .schist);  and  when  this  rock  is  encountered  in  a  test-pit 
work  should  be  discontinued  as  quickly  as  it  would  be  in  the  granite 
or  green  .schist.  This  quartzite  lies  immediately  under  the  taconite 
horizon.  Concerning  its  position  with  reference  to  the  black  slates, 
there  has  been  some  difference  of  opinion.  The  writer  formerly  be- 
lieved it  to  belong  above  them.  There  seems  to  be  no  question  now, 
however,  that  this  is  the  same  as  the  Pewabic  quartzite  at  Gunflint 
lake,  and  the  Pokegama  quartzite  of  the  Mississippi  river,  and  that 
it  is  the  lowest  member  of  the  Taconic.  It  has  been  assigned  to  the 
Cretaceous,  Potsdam,  and  Huronian,  by  different  geologists.  Profes- 
sor N.  H.  W^inchell  believes  it  to  be  the  equivalent  of  the  Potsdam 
quartzite  of  New  York.  It  occurs  at  Sioux  Falls,  South  Dakota, 
and  at  Baraboo,  Wis.,  in  similar  association  with  underlying  granite 
and  overlying  iron-bearing  rocks. 

4.  Iron-Ore  and  Taconite  Horizon. — Resting  immediately  upon 
the  basal  quartzite,  and  apparently  conformable  with  it,  is  a  series  of 
strata  which  present  very  different  appearances  in  different  localities, 
and  which,  in  situations  favorable  for  such  accumulations,  constitute 
the  iron-ore  deposit.  These  strata  consist  of  siliceous  and  somewhat 
calcareous  rocks,  banded  with  oxide  of  iron.  The  ore  occurs  in  streaks 
or  beds  of  indefinite  length  and  thickness.  It  is  sometimes  mag- 
netite, sometimes  hematite,  hard  or  soft.  The  rock  which  encloses 
these  bands  may  be  called  a  jaspery  quartzite,  but  it  contains  much 
beside  silica.  It  is  of  various  colors,  but  usually  gray.  It  is  occa- 
sionally cherty,  often  brecciated,  and  sometimes  congloraeritic.  There 
are  layers  of  jasper  having  a  peculiar  mottled  and  streamed  appear- 
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anee ;  others,  of  fine  quartz  grains,  more  or  less  mingled  with 
grains  of  iron  oxide ;  and  others  again,  so  fine-grained  as  to  be  flinty, 
with  amorphous  silica  which  evinces  great  readiness  to  dissolve  and 
leave  cavities  or  soft  porous  streaks  in  the  ledge.  In  its  fresh,  gray- 
condition,  one  portion  of  it  does  not  present  microscopically  individ- 
ualized constituents.  The  silica  is  clouded  with  some  grayish  or 
greenish  element,  which  appears  to  contain  a  percentage  of  lime  or 
iron  carbonate.  This  rock  is  widely  spread  over  the  whole  length  of 
the  Mesabi,  and  being  different  from  anything  found  elsewhere,  and 
peculiar  to  this  horizon  of  the  Taconic,  has  been  called  taconite  by 
the  writer.  It  has  not  been  studied  microscopically  or  chemically, 
as  yet.  The  examination  of  specimens  now  on  hand  will  probably 
yield  further  interesting  information  as  to  its  nature  and  origin. 

This  banded  jaspery  quartzite  is  not  of  great  thickness.  There  is 
a  rather  abrupt  transition  below  into  quartzite,  but  a  more  gradual 
one  into  the  siliceous  slate  and  chert  member  above. 

The  percentage  of  iron  in  this  rock  as  it  occurs  unaltered  is  sel- 
dom sufficient  to  make  it  a  merchantable  ore,  though  there  may  be 
found  layers  of  ore  in  it  thick  enough  to  work  p-ofitably,  like  those 
west  of  Gunflint  lake  in  T.  66-4  W.  It  is  not  to  be  expected 
that  there  will  be  any  mines  of  magnetic  ore  on  the  central  portion 
of  the  range.  The  taconite,  however,  is  found  in  all  degrees  of 
alteration  into  good  iron-ore.  The  nature  of  this  alteration  will  be 
explained  later.  It  is  only  necessary  to  say  here  that  this  is  the 
horizon  to  be  followed  in  the  search  for  ore.  It  is  the  rock  which 
contains  the  ore,  and  test-pits  which  reveal  this  member  of  tlie 
Taconic  formation  are  not  discouraging.  Having  found  it,  the  next 
step  of  proper  exploration  is  to  find  some  uniform,  even  sloj)e  of 
considerable  descent,  whether  north,  east,  south  or  west,  and  follow 
down  that  slope  with  test- pits. 

5.  Greenish  Siliceous  Slates  and  Cherts. — These  strata  constitute  a 
sort  of  transition  between  the  rocks  of  the  iron  horizon  and  the 
black  slates.  There  is  no  proof  of  any  unconformity  either  above 
or  below  this  member,  but  lithologically  it  is  distinct  from  the  rest, 
containing  a  considerable  amount  of  greeninh  material,  apparently 
of  eruptive  origin,  either  intimately  mixed  with  the  silica  and  fine 
argillaceous  matter  or  in  separate  streaks.  Even  the  extremely  sili- 
ceous cherts,  which  constitute  the  upper  part  of  tiiis  horizon,  occa- 
sionally present  a  greenish  appearance,  due  to  intermixture  with  this 
basic  element.  There  is  sometimes  found  in  this  zone,  and  rarely  at 
a  still  lower  horizon,  a  layer  of  dense  but  soft  black  argillite,  which 
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seems  to  be  an  iDdication  of  the  great  thickness  of  similar  rocks  de- 
posited later. 

The  chert  is  red,  yellow,  black,  white  or  green,  and  in  the  Thun- 
der Bay  region  has  a  thickness  of  several  hundred  feet.  Its  thick- 
ness on  the  Central  Mesabi  is  not  known.  It  is  not  strictly  con- 
fined to  this  member  of  the  Taconic,  being  occasionally  found  as 
low  as  the  basal  quartzite,  and  above  it  high  up  in  the  slates.  Its 
content  of  silica  varies  greatly.  Sometimes  it  has  the  appearance 
of  pure  translucent  chalcedony  ;  sometimes  it  is  mixed  with  oxide 
of  iron  or  some  carbonate  of  lime  and  iron.  Frequently  it  presents 
a  peculiar  brecciated  appearance,  having  been  thoroughly  shattered 
into  angular  fragments  and  re-cemented  with  the  same  amorphous 
silica. 

This  angular  fracturing  or  jointing  is  also  visible  in  the  iron-ore, 
even  when  it  is  soft  enough  to  excavate  with  pick  and  shovel.  It  is 
more  difficult  to  account  for  the  large  amount  of  silica  in  these  cherts 
above  the  iron-ore  horizon  than  for  that  which  has  enlarged  and 
cemented  the  grains  of  the  quartzite  below  the  ore.  In  the  latter 
case  the  silica  has  probably  been  carried  in  carbonated  solutions  froai 
the  ferriferous  layers  down  into  the  quartzite  and  there  redeposited. 
How  it  came  to  be  accumulated  in  such  quantity  at  the  chert  hori- 
zon is  a  question  for  future  study. 

When  the  explorer  finds  this  flinty  slate  formation  it  is  safe  to 
conclude  that  he  is  above  the  ore-horizon  and  must  go  deeper  at  that 
point  or  select  another  point  further  up  the  general  slope  of  the 
region. 

6.  Animikie  Blaeh  Slates. — The  upper  slaty  strata  of  the  last 
division  soon  pass  into  this  which,  so  far  as  examined  on  the  central 
part  of  the  range,  consists  entirely  of  carbonaceous  argillites,  and  is 
several  hundred  feet  in  thickness.  Diamond-drill  records  do  not 
show  here  the  presence  of  the  interbedded  traps  which  are  seen  in 
the  same  horizon  around  Gunflint  lake  and  eastward.  It  is  possi- 
ble that  these  eruptives  may  be  higher  up  in  the  formation, and  that 
they  will  be  discovered  by  future  drilling  farther  south.  These 
slates  have  the  usual  dip  of  the  entire  Taconic  series  on  the  Mesabi, 
viz.,  from  horizontal  to  20°  south  or  southeast.  In  some  of  the 
ore-deposits,  which  lie  close  to  the  green  schist,  the  dip  is  locally  as 
high  as  45°. 

These  slates  are  supposed  to  extend  southward  under  the  gabbro 
to  the  St.  Louis  river  and  there  to  reappear  with  a  high  dip  and 
somewhat  distorted  stratification.     If  the  St.  Louis  river  slates  are 
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Animikie,  as  supposed,  it  is  quite  likely  that  the  lower  horizon  of 
iron-ore  and  quartzite  may  also  come  to  the  surface  in  the  same 
vicinity,  and  thus  another  iron-range  may  be  discovered,  still  nearer 
to  Dulutli.  It  is  obvious,  however,  that  with  the  high  dip  of  the 
St.  Louis  river  slates  the  ore-deposits  would  soon  lead  to  deep  mining 
and  lose  the  advantages  possessed  in  that  respect  by  the  flat  deposits 
of  the  Mesabi. 

The  practical  inference  to  be  drawn  from  black  slate  outcrops  on 
the  Mesabi  is  that  they  are  always  above  the  iron-ore  horizon,  and 
surface- exploration  must  be  pursued  in  the  direction  contrary  to 
the  dip. 

The  sinking  of  test-pits  through  the  black  slates  is  almost  a  hope- 
less task,  for  the  dip  is  sufficient  to  make  a  depth  of  several  thousand 
feet  in  a  few  miles.  For  diamond-drilling,  where  the  property  is 
all  within  the  slate-area,  the  only  general  advice  is  to  get  as  near 
the  north  side  of  the  property  as  possible,  for  if  there  is  any  ore 
under  the  slate  it  will  be  found  in  a  shorter  vertical  distance  there 
than  farther  south. 

7.  Gabbro. — This  rock  is  sometimes  called  "granite"  by  the  ex- 
plorers. I  have  heard  some  of  them  say  that  there  is  granite  on 
both  sides  of  the  ore-belt  in  T.  59-14.  But  the  intelligent  explorer 
knows  the  difference  between  the  granite  and  the  gabbro.  The 
granite  lias  a  pink  color  and  contains  crystalline  grains  of  lavender- 
blue  qunrtz,  together  with  mica  or  hornblende;  while  the  gabbro  is 
gray  (>eidom,  if  ever,  pink),  and  contains  no  free  quartz.  It  is 
almost  wholly  composed  of  gray  feldspar  (labrailorite)  which  has 
pearly  and  often  striated  cleavage-planes  and  is  softer  than  quartz. 
The  hills  south  of  the  iron-belt  consist  of  this  gabbro,  which  lies 
above  the  black  slates  and  the  underlying  iron-bearing  rocks.  The 
gabbro  |)oured  out  of  the  earth  like  lava  and  flowed  north  over  the 
surface  «)f"  the  country,  tipping  the  rocks  up  on  edge  and  sometimes 
floating  huge  slabs  of  the  Taconic  rocks  several  hundred  feet  long. 
These  are  now  found  standing  at  various  angles  surrounded  by  the 
cooled  gal>bro. 

From  Birch  lake  eastward  for  several  miles  the  gabbro  flowed  so 
far  north  as  to  cover  the  iron-belt  completely,  anil  we  now  find  it 
lying  on  the  granite.  The  effect  of  the  heat  of  this  molten  gabbro 
was  to  make  the  iron-ore  which  already  existed  in  the  rocks  hard 
and  niaiiueticj  and  this  effect  seems  to  have  been  felt  for  miles  away 
from  the  edge  of  the  gabbro. 

Oiht  )•   minerals  besides   iron    were   changed    by  the  same  cause. 
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Even  the  hard  quartzite  was  so  much  changed  that  samples  of  it 
have  recently  been  designated  "  altered  gabbro  "  by  an  eastern  petro- 
grapher. 

There  is  good  reason  to  believe  that  the  iron-ore  deposits  in  their 
present  condition  have  been  formed  principally  since  the  gabbro 
overflow.  There  was  a  certain  amount  of  iron  in  the  rocks  origi- 
nally, but  this  has  been  greatly  augmented  and  concentrated  in  more 
recent  times. 

Accompanying  the  gabbro  is  more  or  less  black  magnetite  ore, 
which  carries  an  injurious  amount  of  titanic  acid.  This'  black  ore 
occurs  in  disseminated  grains  in  the  gabbro  nearly  everywhere,  and 
sometimes  forms  large  deposits.  It  has  a  dull  luster  and  is  not  finely 
granular  like  the  magnetite  of  the  Taconic  strata.  It  also  lacks  the 
evidences  of  aqueous  sedimentation  everywhere  visible  in  the  quart- 
zite and  its  associated  ores. 

The  northern  and  western  boundaries  of  the  gabbro  sheet  are  ap- 
proximately shown  on  the  geological  map  accompanying  Bulletin 
No.  6  of  the  Geological  Survey.  It  will  there  be  seen  that  there  is 
no  trace  of  this  rock  known  west  of  Range  16,  and  it  is  to  be  ex- 
pected that,  west  of  the  gabbro,  the  slates  will  be  found  under  the 
glacial  drift.  The  ore  also  loses  its  magnetic  quality  as  we  ap- 
])roach  the  Mississij)pi  river,  and  at  Prairie  river  it  is  nearly  all 
hematite. 

Parties  of  explorers  have  recently  gone  into  the  gabbro  area  on 
Partridge  river,  equipped  for  the  sinking  of  pits;  but  it  is  scarcelv 
necessary  to  say  that  there  is  no  good  reason  to  expect  to  find  mer- 
chantable iron-ore  deposits  in  or  under  the  eruptive  flow  in  anyplace 
except  along  its  northern  edge,  where  it  covers  the  ore-belt.  Farther 
south  it  reaches  a  thickness  of  hundreds  of  feet,  and  the  slates  below 
are  still  hundreds  of  feet  above  the  ore-horizon. 

The  best  advice  to  explorers  in  general  is:  Keep  away  from  the 
gabbro.  The  ore  under  it  will  be  found  magnetic,  perhaps  titanifer- 
ous,  and  is  sure  to  be  mixed  with  lean  siliceous  strata,  which  will 
interfere  with  cheap  mining. 

III.  Occurrence  of  the  Ore. 

Among  explorers  and  miners  on  the  range  there  is  great  confusion 
of  ideas  on  this  point.  The  ore  is  often  said  to  occur  in  veins;  and 
many  are  still  searching  for  a  hanging-wall  and  predicting  that  the 
flat  bodies  without  such  walls  are  what  they  term  "  slop-overs."  It 
is  quite  common  to  hear  that  the  vein  will  soon  take  a  high  dip  to 
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the  south  and  go  down,  at  an  angle  of  60°  more  or  less,  to  a  great 
depth.  Those  who  entertain  this  opinion  go  still  farther  and  look 
for  the  continuation  of  the  "  vein  "  to  an  indefinite  distance  across 
the  country  in  one  direction.  The  supposed  proper  direction  is 
often  rather  absurdly  ascertained  by  drawing  a  line  through  two  or 
more  mines  on  the  map  and  extending  it  across  adjacent  property  for 
miles.  The  amount  of  money  already  spent  in  extremely  unpromis- 
ing locations  that  have  been  selected  in  this  way,  would  buy  a  good 
mine.  Others  say  that  the  ore  is  a  surface  "  wash  "  which  has  set- 
tled in  the  waters  of  very  recent  date  in  troughs  or  valleys.  By 
others  again,  it  is  said  that  the  ores  are  eruptive  and  the  shiny  limo- 
nite  coating  in  some  cavities  is  pointed  to  as  unmistakable  evidence 
of  fusion  and  rapid  cooling. 

Certainly  the  Mesabi  ores  do  not  occur  in  veins  or  lodes.  No 
hanging  or  foot- wall  proper  is  to  be  found.  The  deposits  usually 
lie  on  the  quartzite ;  and  for  convenience  that  may  be  called  the  foot- 
wall,  but  it  has  not  the  same  significance  nor  does  it  bear  the  same 
relation  to  the  ore-body  as  that  of  a  foot- wall  proper.  In  rare  in- 
stances the  ore  will  be  found  with  a  capping  of  jaspery  quartzite 
varying  in  thickness  from  a  few  inches  to  30  feet  or  more.  This 
may  be  called  a  hanging-wall,  but  is  not  properly  one.  Moreover 
the  course  of  the  ore-deposits  is  not  persistent  in  one  direction  un- 
less the  ridge  of  the  slope  on  which  they  lie  has  a  straight  course. 
The  soft  ore-bodies  follow  the  slopes  and  when  they  change  direction 
the  ore-dej)Osit  either  comes  to  an  end  or  changes  also.  This  can  be 
seen  at  several  places.  It  is  especially  marked  at  the  Mountain  Iron 
mine,  where  the  ore  first  discovered  lies  in  a  horse-shoe  basin,  the 
sides  of  which  are  high  and  have  a  steep  slope.  The  ore  follows 
around  the  side  of  this  basin,  and  is  exposed  in  pits  which  follow 
the  slope  around  to  the  northwest,  as  well  as  on  a  subordinate  ridge, 
which  runs  south  and  southeast  for  half  a  mile.  There  is  no  princi- 
ple more  universal  on  the  range  than  this  :  Tlie  presence  or  absence 
of  an  ore-body  depends  on  the  presence  or  absence  of  an  elevation  on 
the  slope  of  which  the  proper  horizon  of  Taconic  strata  occurs.  This 
idea  will  be  farther  explained  in  discussing  the  origin  of  the  ore. 

The  ore-deposits  are  not  likely  to  assume  a  high  dip  and  thus  ex- 
tend to  great  depths.  On  the  contrary,  as  we  go  south,  away  from 
the  granite  and  green  schist  ridges,  the  entire  formation  flattens 
down  and  the  dij)  is  hardly  perceptible.  This  fact  is  not  indicative 
of  the  existence  of  soft  ore-deposits  under  the  slates  at  great  distances 
south  of  the  iron-belt,  as  at  present  defined. 
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The  notion  of  surface  "  wash  "  and  eruptive  flows  are  also  neces- 
sarily discarded.  The  existence  of  oceanic  stratification  and  the  fre- 
quent transition  from  soft  ore  into  the  rock  strata  of  the  ancient  Ta- 
conic  are  alone  sufficient  to  disprove  both  of  these  notions.  More- 
over, there  is  no  trace  of  the  chemical  action  which  would  have  taken 
place  if  the  ores  were  eruptions,  nor  does  the  physical  character  of 
the  ore  harmonize  with  this  hypothesis.  The  deposition  of  limonite 
in  shiny  coatings  in  crevices  and  elsewhere  is  due  to  aqueous  solu- 
tions, and  instead  of  being  an  indication  of  heat,  is  just  the  reverse. 

The  Mesabi  ore-deposits  are  in  regular  beds.  They  constitute 
part  of  the  Taconic  strata,  and  are  still  in  almost  their  original  posi- 
tion as  part  of  the  horizon  which  lies  next  above  the  basal  quartzite. 
They  grade  into  the  rocks  of  this  horizon  in  all  directions  laterally, 
and  occasionally  both  upward  and  downward.  As  a  rule,  however, 
the  ore  lies  directly  on  the  softened  and  disintegrated  basal  quartzite, 
which  does  not  contain  much  iron  oxide.  The  bedding-planes  of 
the  original  strata  are  perfectly  preserved  in  the  ore,  as  are  the  joints 
and  even  the  differences  in  texture  of  the  various  layers  of  jasper, 
chert,  coarse  and  fine  taconite,  etc. 

With  few  exceptions,  the  ore-dej)osits  thus  far  discovered  on  the 
Mesabi  lie  next  below  the  glacial  till,  which  varies  in  depth  from  a 
few  inches  to  100  feet.  They  have  an  equal  range  of  depth,  and 
are  usually  wedge-shaped,  with  the  thinner  edge  or  side  toward  the 
top  of  the  slope  and  the  thickest  portion  farther  down.  There  may 
be  occasionally  a  knoll  or  ridge  of  jaspery  quartzite  lying  above  the 
surface-plane  of  the  slope.  In  this  case  the  ore  generally  passes 
under  this  knoll,  which  thus  forms  a  capping;  but  occasionally  this 
hard  knoll  or  ridge  extends  downward  unaltered  to  the  basal 
quartzite,  and  constitutes  a  "  horse "  in  the  ore-body.  These 
*'  horses  "  are  called  "  dykes  "  by  some  explorers.  They  are  not 
true  dykes,  however,  but  parts  of  the  general  formation,  and  they 
do  not  cut  through  the  quartzite  below  the  ore,  as  eruptive  dykes 
would  do. 

True  dykes  are  not  common  along  the  range,  and  their  absence 
constitutes  one  of  the  chief  points  of  difference  between  the  Mesabi 
and  the  Penokee-Gogebic.  The  accumulation  of  the  Mesabi  ores 
cannot  be  due  in  any  way  to  dykes,  for  there  are  none  associated 
with  the  ore,  and  there  is  no  ore  where  dykes  are  found.  This  fact 
suggests  that,  perhaps,  even  on  the  Penokee-Gogebic  range,  the  ore- 
deposits,  instead  of  being  produced  through  the  agency  of  the  dykes 
in  forming  troughs  in  which  the  ore  was  deposited,  have  been  formed 
VOL.  XXI. — 42 
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in  spite  of  the  dykes,  and  would  have  been  much  deeper  and  more 
extensive  but  for  the  latter.  From  what  can  be  seen  on  the  Mesabi, 
dykes  and  even  troughs  are  unnecessary  features,  the  ore  being  due 
to  a  process  of  replacement  and  concentration  which  has  proceeded 
on  uninterrupted  slopes  of  sufficient  pitch  and  suitable  material. 
This  operation,  moreover,  extended  as  far  down  the  slope  as  the  local 
conditions,  which  have  prevailed  since  the  rocks  were  elevated  to 
their  present  position,  allowed.  If  the  slope  is  a  long  one,  and  in 
the  shape  of  a  large  basin,  the  ore-deposit  is  large.  If  it  is  narrow 
or  interrupted  by  numerous  gorges  or  ridges,  the  ore  is  apt  to  be 
limited  in  quantity  and  of  poorer  quality.  Where  there  was  an  op- 
portunity for  the  greatest  freedom  of  drainage  and  the  most  exten- 
sive percolation  of  solutions  through  the  rocks  for  a  considerable 
thickness,  and  over  a  considerable  area,  there  are  found  the  purest 
and  largest  accumulations  of  ore. 

The  nature  of  the  lateral  and  lower  boundaries  of  the  ore-deposits 
will  be  more  or  less  a  matter  of  speculation  until  some  have  been 
entirely  mined  out.  The  large  operations  already  planned  promise 
interesting  revelations  within  the  next  two  or  three  years.  At  the 
present  time,  however,  something  can  be  inferred  from  partial  ex- 
posures. 

The  upper  edge  of  an  ore-body  is  generally  thin,  and  shows  rather 
the  poorest  ore.  If  the  whole  body  is  stripped  and  taken  out,  it 
will  leave  the  basal  quartzite  exposed,  dipping  south  at  10°  to  40°. 
The  lower  side  of  the  ore-bed  is  more  or  less  mixed  with  sand  from 
this  quartzite.  Hence,  the  bottom  of  the  open  pits  will  be  an  almost 
plane  surface  dipping  as  the  quartzite  dips,  and  from  a  short  dis- 
tance resembling  soft  sandy  ore  rather  than  quartzite.  The  ore  will 
gradually  deteriorate  below  a  certain  depth  in  all  pits  and  excava- 
tions until  it  becomes  too  poor  to  be  mined. 

The  upper  and  lower  sides  of  the  ore-bodies  will  present  rather 
abrupt  transitions  into  the  jaspery  quartzite  of  the  iron-ore  and  taco- 
nite  horizon.  It  is  not  to  be  expected  that  the  limits  of  the  soft  ore 
will  be  marked  by  a  wall  or  definite  boundary  plane  on  any  side  or 
at  the  lowest  edge,  but  rather  that  the  ore  extends  into  the  rocks  in 
sheets  of  variable  thickness,  and  that  when  followed  up  and  mined 
out  the  remaining  open  pit  will  have  a  very  ragged  appearance, 
somewhat  like  that  shown  in  Fig.  1,  which  is  a  general  section  at 
the  Biwabik,  showing  the  relation  of  ore  to  surrounding  rocks. 

The  ore  on  the  lower,  thicker  edge  may  also  be  expected  to  dete- 
riorate, becoming  more  like  "  paint-rock"  and  more  earthy  than  the 
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loM^er  strata,  which  are  mixed  with  sand.  The  capping  or  hard 
ridges  already  mentioned  may  present  some  interesting  examples  of 
the  process  of  the  replacement  of  silica  by  oxide  of  iron,  which  can 
be  easily  examined  and  studied  when  the  surrounding  ore  has  been 
removed. 

There  are  other  interesting  phenomena  which  can  only  be  ex- 
plained fully  after  the  ore  in  their  vicinity  has  been  removed.  On 
the  Lone  Jack  and  Missabe  Mountain  properties,  a  gorge  appears  to 
have  been  excavated  to  the  depth  of  60  feet  in  the  soft  ore  by  some 
pre-glacial  stream,  and  subsequently  to  have  been  filled  with  rounded 
water-worn  pebbles  of  hard  ore.  On  each  side  of  this  gorge,  filled 
with  ore-gravel,  test-pits  encountered  fine  soft  hematite  just  below 
the  glacial  drift,  which  does  not  exceed  20  feet  in  depth.  At  the 
bottom  of  the  ore-gravel  is  a  stratified  layer  or  series  of  layers  of 
white  kaolinic  material,  more  or  less  stained  and  mingled  with  fine 
red  iron-ore,  and  varying  from  a  few  inches  to  12  feet  in  thickness, 
the  true  nature  of  which  has  not  been  ascertained.  Below  it  is 
found  the  same  blue  hematite  as  occurs,  60  feet  nearer  the  surface, 
in  the  test-pits  on  both  sides  of  the  gorge. 

There  are  also  gorges  apj)arently  scraped  out  in  the  ore  by  solid 
ice  and  filled  with  sand  and  gravel.  On  theBerringer  "forty,"  sec- 
4,  58-16,  a  test-pit  has  been  sunk  72  feet  at  the  edge  of  one  of  these 
gorges.  The  east  half  of  the  pit  passes  from  the  depth  of  48  feet 
to  the  bottom  through  soft  blue  hematite,  while  the  west  half  shows 
sand  and  gravel  for  the  same  distance.  The  side  of  the  ore  is  nearly 
vertical,  and  seems  to  have  been  planed  off.  A  short  distance  farther 
west,  test-pits  nearly  100  feet  deep  did  not  strike  anything  but  gla- 
cial till.  These  facts  are  an  indication  that  the  soft  ore  was  essen- 
tially in  its  present  position  at  the  time  of  the  last  glacial  epoch. 

IV.  Varieties  of  Mesabi  Iron-Ore. 

Magnetite. — The  magnetic  ore  of  the  eiistern  Mesabi  probably 
owes  its  magnetic  properties  to  the  effect  of  the  heat  of  the  gabbro 
overflow  upon  the  hematites,  which  were  deposited  in  the  rocks  at 
the  time  of  their  formation  in  the  oceanic  waters. 

Where  this  ore  is  a^^sociated  with  the  lower  beds  of  the  Taconic  it 
is  rather  coarsely  granular  and  shiny.  The  ore  which  occurs  higher 
in  the  horizon  is  fine-grained  and  compact,  and  has  high  specific 
gravity.  Individual  samples  of  this  ore  run  high  in  iron  and  low  in 
phosphorus  and  sulphur.  Unfortunately  it  seldom  occurs  in  beds 
of  suflBcient  thickness  to  render  it  valuable  without  concentration. 
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It  is  noteworthy  that  there  is  a  small  percentage  of  magnetic 
grains  in  the  blue-black  soft  granular  hematite  of  the  central  por- 
tion of  the  range.  A  magnet  will  pick  out  grains  from  a  handful 
of  this  ore  from  almost  any  test-pits  in  which  it  occurs. 

The  titaniforous  magnetites  have  already  been  mentioned.  They 
occur  in  the  gabbro  and  are  valueless  at  present.  Their  manner  of 
occurrence  and  chemical  composition  are  described  fully  in  Bulletin 
No.  6,  Minn.  Geol.  Surv. 

Goethite. — This  ore  is  the  first  to  be  found  below  the  glacial  drift 
in  many  test-pits  on  the  Hale,  Kanawha,  Cincinnati,  Canton  and 
Biwabik  properties.  It  is  yellow,  soft  and  homogeneous,  and  occurs 
in  layers  6  to  20  feet  in  thickness.  It  was  at  first  called  limonite, 
but  the  high  percentage  of  iron  shown  by  several  analyses,  together 
with  the  large  amount  of  combined  water  indicate  that  it  is  goethite. 
As  a  rule  it  is  non-Bessemer.  It  is  called  "  yellow  ocher"  by  the 
miners,  and  is  frequently  thrown  aside  as  poor  ore.  Its  composi- 
tion when  absolutely  pure  is :  sesquioxide  of  iron,  89.9 ;  water, 
10.1  ;  metallic  iron,  62.9.  It  occurs  in  such  large  quantities  on  this 
range  that  the  term  "  Mesabite  "  might  well  be  applied  to  it  to 
distinguish  it  in  the  iron  trade.  The  following  analyses  show  its 
purity : 

I.  II.  III.  IV. 

Metallic  iron,              60.65  60  65  60.75  60.90 

Phosphorus,                   0.070  0.105  0.065  0.029 

Silica,                           2.09  1.85  4.85 

Combined  water,          8.04  10.05  

Moisture,                       9.86  12.77  

I.,  Berringer  yellow  ocher;  II.,  III.  and  IV.,  Canton  yellow  ocher. 

Some  analyses  indicate  61.5  per  cent,  of  iron. 

This  ore  would  perhaps  be  of  more  value  for  the  manufacture  of 
mineral  paints  than  for  use  in  the  furnace.  It  can  be  mined  cheaply 
in  large  quantity. 

Limonite. — Hard  masses  and  layers  of  brown  hematite  are  found 
in  many  pits  on  the  Mesabi.  The  ore  tends  to  be  siliceous  and 
rather  high  in  phosphorus.  Many  cavities  are  lined  or  filled  with 
"  grape  "  and  "  pipe  "  limonite  ore.  It  seems  to  occur  in  portions 
of  the  ore-bodies  where  considerable  streams  of  water  flow  continu- 
ally, or  at  certain  seasons  of  the  year,  through  the  rocks  and  ore. 
Only  a  small  percentage  of  the  ore  in  any  mine  so  far  discovered 
has  been  shown  to  be  of  this  mineral.  It  is  perhaps  the  least  valu- 
able of  all  except  the  titaniferous  ores  on  the  range. 
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Hematite. — By  far  the  larger  part  of  the  Mesabi  ores  are  true  hema- 
tite, i.e.,  anhydrous  sesquioxide  of  iron,  whether  hard  or  soft,  crys- 
talline, massive  or  earthy,  red,  blue,  purple,  brown,  or  black.  All 
varieties  and  all  textures  occur  on  this  range.  The  variation  in  ap- 
pearance is  as  remarkable  as  the  uniformity  of  composition.  It  is 
only  after  considerable  experience  in  the  ores  of  the  range  and  a 
careful  examination  of  each  variety  with  a  hand-glass  that  the  ore- 
expert  can  tell  which  ore  is  the  best  and  approximately  estimate  its 
richness.  There  are,  of  course,  high  and  low  grades  of  ores  here  as 
elsewhere;  but  samples  of  at  least  ten  totally  different  macroscopic 
characteristics  can  be  selected  that  will  not  vary  2  per  cent,  in  iron. 

The  best  grade  of  hematite  is  the  blue-black  soft  ore  found  at 
many  of  the  mines.  When  this  ore  is  in  perfectly  crystalline  grains 
which  possess  little  adherence  to  each  other  and  will  not  "  pack  "  in 
one's  hand  as  do  the  more  earthy  ores,  it  is  almost  absolutely  pure. 
A  sample  of  30  feet  of  this  ore  from  pit  No.  15  on  the  Biwabik, 
yielded  on  analysis,  iron,  67.90;  silica,  1.8;  and  phosphorus,  .016. 
It  is  this  exceedingly  rich  ore  that  brings  up  the  average  of  the 
Mesabi  product.  There  are  several  properties,  the  output  of  which 
would  be  non-Bessemer  without  it,  but  which  furnish  by  virtue  of 
a  due  proportion  of  this  material  an  acceptable  Bessemer  ore. 

The  general  order  of  succession  of  the  various  kinds  of  ore  is  : 
yellow,  brown  or  red  on  top  and  at  the  upper  edge  of  the  deposit; 
then  blue  or  blue  and  rich  brown  ore  in  streaks;  and  lastly  brown 
or  blue  ore  that  gradually  becomes  more  siliceous  as  the  depth  in- 
creases.    Hard  layers  occur  at  various  horizons. 

Manganiferous  Ores. — Black  oxide  of  manganese  has  been  found 
in  hard  and  soft  streaks  in  many  mines  on  the  range,  but  not  as  yet  in 
sufficient  quantities  to  promise  any  considerable  production  of  man- 
ganese-ore or  manganiferous  iron-ore.  It  will  be  strange,  however, 
if  some  such  ore  is  not  produced  from  the  range  since  so  many  indi- 
cations are  already  evident  and  the  conditions  are  so  favorable  for 
its  accumulation.  Moreover,  such  ore  is  mined  in  limited  quantity 
on  the  Penokee-Gogebic  range,  which  is  the  undoubted  equivalent 
of  the  Mesabi. 

V.  Origin  of  the  Mesabi  Ores. 

In  Bulletin  No.  6,  on  the  iron  ores  of  Minnesota,  already  cited, 
the  view  is  advanced  that  the  bands  of  ore  iuterstratified  with  the 
Mesabi  Taconic  rocks  are  due  to  oceanic  precipitation  as  hydrated 
sesquioxides  at  the  time  of  the  original  sedimentation.     Subsequent 
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pressure  and  heat  are  supposed  to  have  dehydrated  the  ores,  and 
the  gabbro  outburst  to  have  rendered  them  magnetic.  This  view 
has  been  strengthened  by  recent  observations.  But  it  accounts  for 
only  one  portion  of  the  Mesabi  ores.  The  original  bands  of  iron-ore, 
which  it  explains,  were  of  limited  thickness  and  were  interstratified 
with  rock-material.  But  in  ore-deposits  recently  discovered  such 
rock-strata  are  not  found,  and  consequently,  either  they  were  never 
present  or  they  have  been  removed.  On  page  146  of  the  report 
mentioned  is  the  following  statement; 

''  We  are  quite  ready  at  this  time  to  adopt  the  theory  that  has  been  referred  to, 
originating  with  Prof.  Edward  Hitchcock  and  more  recently  adopted  by  Prof.  J. 
D.  Dana  and  Prof.  R.  D.  Irving,  that  these  carbonated  beds  may  be  changed,  and 
have  been,  on  a  large  scale,  in  the  Taconic  roclcs  of  New  England  and  of  the  Peno- 
kee-Gogebic  range,  by  infiltrating  waters ;  that  their  alkaline  constituent  has  been 
carried  away  and  their  iron  has  been  re-deposited  or  concentrated  in  a  residual  con- 
dition as  ferric  oxides ;  and  that  by  this  concentration  large  beds  of  iron-ore  have 
been  formed.  It  is  because  of  this  that  we  state  our  belief  that  possibly  important 
beds  of  limonite  or  hematite,  originating  in  this  way,  may  yet  be  found  in  the  Ta- 
conic region  of  Minnesota,  the  parallel  of  those  that  have  recently  been  opened  up 
in  northern  Wisconsin." 

This  is  a  partial  statement  of  the  theory  adopted  by  the  writer  for 
the  ore-deposits  under  discussion.  Careful  personal  examination  of 
the  work  on  all  parts  of  the  Mesabi  during  the  entire  period  of  its 
development  has  confirmed  his  belief  that  these  deposits  are  finally 
due  to  chemical  concentration  and  the  replacement  of  some  mineral 
by  oxide  of  iron.  Observed  phenomena  harmoniously  support  this 
view,  and  are  apparently  not  in  consonance  with  any  other.  The 
usual  conditions  thus  far  exhibited  at  the  mines  on  the  range  are  the 
following : 

1.  There  is  a  deposit  of  ore  situated  on  a  hillside  or  in  a  basin. 

2.  This  ore  is  regularly  stratified. 

3.  The  planes  of  stratification,  dipping  less  than  30°,  pass  from 
the  ore  into  and  through  the  banded  jaspery  quartzite  or  taconite 
horizon  in  three  directions  and  occasionally  on  all  four  sides. 

4.  The  ore-strata  correspond  in  texture  with  the  rock  strata 
which  appear  to  be  their  continuation. 

5.  Underlying  the  ore  is  a  quartzite  horizon. 

6.  Just  beneath  the  ore  this  quartzite  is  decomposed  into  a  crumb- 
ling sandstone,  but  it  becomes  vitreous  a  few  feet  lower  do-wn. 

7.  This  quartzite  is  impervious,  and  presents  an  absolute  barrier 
to  surface-infiltration.  This  fact  is  shown  (1)  by  microscopic  exam- 
ination of  the  vitreous  quartzite  ;    (2)  by  test-pits  sunk  into  it ;    (3) 
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by  the  large  amount  of  surface-water  in  the  ore,  as  the  boundary 
between  the  ore  and  quartzite  is  approached.  The  ore  is  porous  and 
permits  the  water  to  filter  through  it.  Test-pits  are  sunk  through 
dry  ore  to  the  depth  of  nearly  one  hundred  feet,  when  the  ore-body 
covers  a  considerable  area  ;  but  water  in  large  quantity  is  invariably 
encountered  a  few  feet  above  the  quartzite. 

Exceptional  occurrences  which  tend  still  further  to  prove  the  re- 
placement-theory are:  (1)  the  existence  of  deposits  of  half-ferrified 
rocks  with  ore  in  bands,  and  in  isolated  centers  of  deposition,  in 
which  situations  the  process  of  ore-production,  or  natural  manufac- 
ture, so  to  speak,  can  be  observed  in  all  stages  ;  (2)  the  occurrence 
of  knolls  of  taconite  lying  on  top  of  the  ore-deposits,  havinjj  been 
above  the  course  of  the  chemical  percolations,  and  thus  having  re- 
mained unaltered. 

It  is  proved  by  abundant  observation  that  the  iron-ore  occurs  pre- 
cisely at  the  taconite  horizon.  It  is  neither  above  nor  below  that 
stratum,  but  in  it  and  of  it.  It  is  natural  that  the  process  of  trans- 
formation into  ore  should  be  limited  by  the  local  conditions.  If  the 
angle  of  the  slope  dowu  which  surface  waters  flowed  was  too  steep 
or  too  flat,  there  is  no  resultant  ore-body ;  if  it  was  moderate,  the 
ore-deposit  may  have  been  produced  in  great  depth  and  width.  If 
the  basal  quartzite  comes  to  the  surface  at  the  upper  side  of  the  slope, 
the  atmospheric  waters  appear  to  have  flowed  down  along  the  line 
of  separation  between  the  taconite  and  quartzite.  In  this  case,  it 
may  happen  that  the  process  of  replacement  extended  but  a  short 
distance  above  the  quartzite,  and  there  may  be  a  capping  or  roof  of 
unaltered  taconite  above  the  ore.  If  the  hillside  and  top  are  covered 
with  thejaspery  quartzite  and  banded  ore-formation,  the  infiltrating 
waters  sometimes  seem  to  have  worked  a  change  downward  into 
these  rocks,  and  there  may  or  may  not  be  an  unaltered  remnant  of 
the  taconite  horizon  below,  according  to  the  original  thickness  and 
the  natural  facilities  for  chemical  action. 

There  is  even  a  third  case  seen  on  the  Chicago  property,  in  which 
a  body  of  soft  ore  nine  feet  thick  has  been  produced  in  the  taconite 
formation,  and  is  seen  graduating  into  the  hard  banded  rock  on  all 
sides. 

The  process  of  replacement  appears  in  two  or  three  varieties. 
Certain  strata  seem  to  be  more  easily  terrified  than  others,  and  in- 
stances are  common  where  the  wavy  line  of  ferruginization  is  seen 
encroaching  upon  the  blue  or  gray  unaltered  taconite.  This  tnay 
often  be  followed  in  a  single  sample  from  taconite  to  ore,  while  the 
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stratification,  texture,  and  often  the  appearance,  remain  the  same. 
The  remarkable  feature  of  the  result  is  that  all  the  original  mineral 
elements  have  gone  and  the  product  is  such  pure  oxide  of  iron. 
There  is  much  silica  of  a  chalcedonic  or  amorphous  nature  in  the 
taconite,  and  there  are  occasionally  layers  of  quartzite;  but  all  this 
can  be  observed  in  the  actual  process  of  replacement  by  iron-ore. 

On  the  Cincinnati  property,  it  even  appears  that  some  of  the  basal 
quartzite  has  been  replaced  by  iron  oxide.  Samples  taken  from 
here  show  a  complete  transition  from  quartzite  to  iron-ore.  In  some 
of  the  intermediate  samples,  the  individual  grains  can  be  seen  in  all 
stages  of  removal.  There  are  many,  encased  in  a  shell  of  hematite 
which  cau  be  seen  increasing  in  thickness  until  on  breaking  the 
black  grain  no  white  silica  grain  is  found.  It  has  all  been  removed. 
With  a  specimen  of  this  sort  in  hand,  it  is  impossible  to  doubt  that 
here  is  an  instance  of  the  removal  of  silica  by  some  process,  and  its 
replacement  with  sesquioxide  of  iron. 

Still  another  proof  is  found  in  the  nature  of  the  transition  back 
again  from  ore  to  the  taconite  on  the  lower  edge  of  the  deposits. 
This  has  already  been  referred  to  under  the  head  of  "  Occurrence 
of  the  Ore  "  (p.  655).  If  this  ore  be  not  a  replacement  product  it 
must  continue  underneath  the  rocks  belonging  higher  up  in  the  for- 
mation and  will  ultimately  be  mined  to  a  great  depth.  There  is  no 
absolute  proof  that  this  is  not  the  case.  On  theBiwabik  and  Cin- 
cinnati, however,  the  ore  is  seen  to  degenerate  and  pass  into  a  low- 
grade  ore  and  then  into  "paint-rock,"  and  finally  into  the  regular 
banded  taconite  horizon  on  the  southern  edge.  There  have  been 
reports  of  the  discovery  of  soft  ore  at  great  depths  under  the  slates 
to  the  south  of  the  present  deposits,  but  these  reports  are  not  as  yet 
authenticated.  Even  if  such  a  fact  should  be  proved  at  one  or  two 
places,  in  the  basins  of  lakes  like  the  Embarrass,  it  would  not  weaken 
the  replacement-theory.  For  it  is  only  natural  that  the  effect  of  a 
body  of  water  pressing  downward  and  through  into  a  series  of  soft 
slates  and  ferruginous  rocks  would  have  some  softening  and  disinte- 
grating effect,  so  that  replacement-deposits  migiit  be  formed  in  such 
a  situation,  even  at  a  depth  of  500  feet.  It  should  be  mentioned 
moreover  that  the  glacial  drift  exceeds  100  feet  in  dei)th  on  the 
southeast  shore  of  Embarrass  lake,  and  may  be  twice  as  deep  in  the 
basin  of  the  lake.  This  would  make  the  actual  depth  very  much 
less  and  increase  the  likelihood  of  an  ore-deposit. 

In  seeking  an  explanation  of  this  process  of  replacement  we  meet 
many  puzzling  questions,  for  the  solution  of  which    much  further 
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study  is  necessary.  What  started  this  process?  How  could  so 
much  quartz  be  removed?  What  has  become  of  it?  Where  did 
all  the  iron  come  from  ?  These  and  many  other  questions  have  pre- 
sented themselves  time  and  again. 

It  has  been  argued  that  the  iron-ore  of  the  Gogebic  range  was 
originally  in  the  form  of  a  carbonate  which  in  the  process  of  oxida- 
tion yielded  the  necessary  solvent  for  the  quartz.  We  find  some 
carbonates  of  lime  and  iron  in  the  Mesabi  rocks,  but  not  in  sufficient 
quantity  to  permit  the  assumption  that  the  ore  was  originally  a  car- 
bonate. There  are  not  yet  discovered  any  considerable  non-oxi- 
dized carbonaceous  portions  of  the  rocks  associated  with  the  ores, 
except  in  the  more  recent  slates  of  the  Aniinikie.  It  does  seem 
probable,  however,  that  the  solvent  for  the  silica  was  carbonic  acid 
in  aqueous  solution  and  its  early  source  may  have  been  (1)  the  at- 
mosphere, (2)  the  black  slates  which  may  have  covered  the  ore 
horizon  at  one  time,  and  may  have  been  eroded  since.  More  re- 
cently decaying  vegetation  must  have  supplied  a  considerable  amount. 

The  amount  of  carbonic  acid  gas  in  the  atmosphere  at  the  begin- 
ning of  Silurian  time  is  believed  by  different  writers  to  have  been 
far  greater  than  at  present.  It  is  supposed  that  the  Carboniferous 
was  a  period  of  dense  atmospheres  and  warm  temperatures.  Dana 
says  that  in  Archaean  time  the  effects  of  carbonic  acid  must  have 
been  much  greater  than  now,  by  reason  of  its  much  larger  propor- 
tion in  the  atmosphere,  and  that  it  has  gradually  diminished  in 
quantity  down  to  the  present  time.  He  states  after  Hunt  that  the 
excessive  proportion  of  carbonic  acid  in  the  atmosphere  was  the 
most  efficient  of  all  agents  in  rock-destruction.* 

T.  Sterry  Hunt  observes  if 

"All  carbonates  of  lime,  whether  directly  formed  by  the  decay  of  calcareous  sili- 
cates or  indirectly  through  the  intervention  of  carbonates  of  manganese  or  alkalies, 
derive  their  carbonic  dioxide  from  the  atmosphere.     The  same  must  be  said  for  the 

dolomites,  magnesites  and  siderites The  earth  contains,  fixed  in  the  form  of 

carbonates,  a  quantity  of  carbonic  dioxide,  which,  if  liberated  in  a  gaseous  form, 
would  be  equal  in  weight  to  one  hundred,  if  not  two  hundred,  atmospheres  like  the 
present." 

Here  may  be  the  explanation  of  the  removal  of  silica  in  such 
large  quantity.  If  the  rocks  containing  the  present  iron-ore  de- 
posits have  been  uplifted  and  exposed  to  surface  action  for  a  con- 
siderable length  of  time,  the  carbon  dioxide  used  in  the  removal  of 
silica  may  have  beeu  derived,  at  least  in  part,  from  the  atmosphere. 

*  Manual  of  Geology,  p.  156. 
f  Mineral  Physiology,  pp.  37,  38. 
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This  process  would  have  been  carried  on  to  a  considerable  depth, 
and  may  have  produced  an  appreciable  effect,  even  below  several 
hundred  feet  of  sediments  which  may  have  since  been  eroded. 

But  if  these  iron-bearing  strata  were  ever  covered  by  the  slates 
which  belong  abo^-e  them,  we  can  find  an  abundance  of  carbon  in 
these  very  black  slates  ;  and  though  it  is  not  now  in  the  form  of 
carbonates,  yet  the  action  of  surface  waters  would  be  such  as  to  ex- 
tract sufficient  to  make  a  carbonic  acid  solution  powerful  enough  to 
dissolve  iron  and  silica.  Hunt  says  "  the  removal  of  silica  in  solu- 
ble form  does  not  depend  on  the  intervention  of  alkalies."  More- 
over the  carbon  in  the  graphitic  Animikie  slates  may  have  been,  at 
earlier  times,  in  some  form  more  readily  taken  into  solution. 

Having  thus  hinted  at  an  answer  to  the  first  two  or  three  ques- 
tions above  suggested  let  us  consider  what  has  become  of  all  the 
silica  supposed  to  have  been  removed  from  the  place  now  occupied 
by  the  iron-ores. 

The  answer  to  this  is  short.  It  was  redeposited  in  the  rocks  lying 
below  and  farther  down  the  slope.  (1)  There  is  need  of  a  source 
for  an  enormous  amount  of  silica  which  has  been  added  to  the  grains 
of  quartz  in  the  quartzite,  making  it  vitreous  and  filling  all  inter- 
stitial spaces.  (2)  There  are  considerable  amounts  of  chalcedonic 
and  flinty  silica  found  associated  with  the  quartzite  and  in  the  other 
rocks  accompanying  the  ores.  This  silica  may  be  largely  from  a 
different  source,  but  it  may  also  be  partially  derived  from  the  leach- 
ing of  the  ore-beds.  (3)  There  are  deposits  of  silica  in  all  the  cracks 
and  fissures  of  the  slates  which  lie  at  a  lower  elevation,  though  strati- 
graphically  higher,  than  the  o're-horizon.  Test-pits,  for  instance,  on 
the  Rouchleau,  south  of  the  Biwabik,  encountered  black  slates  and 
found  no  ore.  These  slates  had  been  more  or  less  jointed  and  the 
joints  were  filled  with  bluish  silica,  sometimes  mammillated,  some- 
times drusy.  The  most  natural  source  for  this  silica  is  in  the  ore- 
deposits  farther  up  the  hill  to  the  north. 

Future  researches  will  throw  more  light  on  this  subject,  and  will 
perhaps  show  other  ways  in  which  the  removed  silica  has  been  re- 
deposited. 

As  for  the  source  of  the  iron,  it  is  believed  to  have  been  largely 
the  result  of  oceanic  deposition,  both  chemical  and  mechanical,  and 
to  have  been  simply  concentrated  in  its  present  situations. 

VI.  Quality  of  the  Mesabi  Ores. 
For  some  unknown  reason,  the  opinion  prevailed  for  some  months 
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after  the  discovery  of  many  of  the  best  mines  on  the  Range  that  the 
ore  was  of  inferior  quality.  This  may  have  been  due  to  false  reports 
purposely  circulated  by  those  who  had  no  desire  to  see  a  new  range 
exploited  in  competition  with  the  mines  in  which  they  were  inter- 
ested ;  or  it  may  have  been  due  to  honest  but  incorrect  sampling. 
Each  addition  to  the  family  of  Lake  Superior  iron-ranges  is  received 
more  unkindly  by  the  older  brothers  and  sisters.  Nature  seems  to 
have  bestowed  her  best  favors  on  her  youngest  children.  The  Ver- 
milion, Gogebic  and  Mesabi  ranges  have  each  in  turn  revealed 
newer  and  greater  riches.  It  was  with  extreme  reluctance  that  the 
proprietors  of  mines  in  other  districts  recognized  the  imjwrtance  of 
the  Mesabi.  Indeed  they  have  not  yet  done  so,  nor  will  they  until 
next  year,  when  the  ore  finds  its  way  to  the  markets  and  furnaces  of 
the  east. 

It  is  true  that  the  first  test-pits  were  sunk  on  the  thin  upper  edges 
of  the  deposits.  The  analyses  first  obtained,  however,  were  sufficient 
to  convince  an  unprejudiced  mind  of  the  importance  of  the  new  dis- 
trict. The  average  of  a  large  number  of  samples,  taken  in  January 
and  February,  1892,  indicated  that  the  ore  would  yield  about  60 
per  cent,  metallic  iron,  and  that  75  per  cent,  of  it  would  be  within 
the  Bessemer  limit  as  to  phosphorus.  Since  then  the  test-pits  have 
been  increased  in  depth  and  number ;  and  the  quality  of  the  ore 
taken  out  has  improved,  as  will  be  seen  from  the  analyses  which  fol- 
low. There  has  been  still  farther  improvement  since  these  samples 
were  taken. 

Method  of  Sampling. — The  most  trustworthy  samples  are  "  pit- 
samples."  These  are  usually  taken  by  standing  in  a  barrel  or  bucket, 
pick  in  hand,  and  while  being  lowered  from  the  top,  digging  out  a 
groove  in  the  side  of  the  pit  from  top  to  bottom,  or  in  measured 
sections,  letting  the  ore  fall  into  the  barrel.  Upon  reaching  the  top 
again  the  ore  is  broken  into  small  fragments  (if  it  is  not  already  fine) 
carefully  mixed  and  quartered  down  to  a  sample  of  8  or  10  pounds. 
Taken  in  that  way,  the  sample  should  fairly  represent  the  ore  that 
will  be  shipped  from  that  pit.  All  the  hard  layers  must  be  grooved 
out  as  deeply  as  the  soft  ones,  for  the  percentage  of  iron  may  vary ; 
and,  of  course,  sand  streaks  must  be  included,  fi)r  they  cannot  be 
eliminated  in  mining.  It  is  remarked  by  all  new-comers  that  the 
ore  has  a  sandy  appearance  and  feel.  There  are  occasional  small 
streaks  of  sand  in  it;  and  near  the  bottom  small  grains  of  white 
silica  are  common,  and  can  be  seen  by  a  hand  glass.  Yet  the  anal- 
yses show  a  surprisingly  small  percentage  of  silica.     The  sandy  feel 
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Analyses  of  Mesabi  Iron- Ore. 


BERRINGER  MINE. 


Pit  Number. 


Sampler. 


0 E.  P.  Jennings....   57.50 

4.  1st  10  ft !J.  a.  Crowell 60.70 


Iron. 


Silica. 


10.33 


4 

4.  Dump 

4 

(?)  Ochre 

(?)  60  ft.  ore  . 
4.  35  ft.  ore.. 


J.  A.  Crowell 

J.  A.  Crowell 

W.  J.  Rattle  

J.  A.  Crowell 

E.  P.  Jennings... 
E.  P.  Jennings.... 


Average 60.97 


62.15 
63.10 
61.90 
60.65 
59.20 
62.60 


4.41 
3.58 


6.11 


Phos. 


.108 
.069 
.049 
.032 
.051 
.070 
.111 
.049 


.067 


TiT„«„     Comb.  I    Free 
*^^°S-  :  Water.!  Water. 


BIWABIK  MINE. 


1. 
1. 

2. 

9. 
11. 
11. 
11. 
11. 
11. 
11. 
13. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
17. 
17. 
17. 


Dnmp J.  T.  Jones 

22  ft.  ore J.  T.  Jones 

D.  H.  Bacon  

P.  L.  Kimberly.. 

J.T.Jones 

D.H.Bacon 

IW.  J.  Rattle 

jE.  P.  Jennings.... 

H.  V.  Winchell.. 

58ft  ore J.T.Jones 

P.  L.  Kimberly... 

Blue  ore |J.T.  Jones 

Upper  6  ft I  J.  T.Jones .' 

Lower  6  ft |  J.  T.  Jones 

Whole  pit H.  V .  Winchell.... 

Blue  ore [w^  J.  Rattle 

Brown  ore....  W.J.  Rattle 

Red-brown ... 

Selected 

30  ft.  blue 

Drift* 

Drift* 

Brown-blue ... 


First  20  ft 

Last  20  ft 

30  ft.  blue 

IstlOft.dft... 

0-20  ft.  d  ft 

20-30  ft.  dft... 
30-40  ft.  d ft.. 
40-50  ft.  dft.., 
70-80  ft.  dft.. 
80-90  ft.  dft.. 
90-100  ft.  dft 
100-110  " 
Dump , 


Brown , 


W.J.  Rattle 

«.  V.  Winchell. 
E.  P.Jennings... 
E. P.  Jennings.., 

J.T.Jones 

E.  P.  Jennings... 

.LT.  Jones 

J.  A.  Crowell 

J.  A.  Crowell 

E  P.  Jennings... 
•J.  A.  Crowell.... 
.J.  A.  Crowell.... 
J.  A.  Crowell.... 
J.  A.  Crowell.... 
J.  A.  Crowell.... 

J.  A.  Crowell 

J.  A.  Crowell.... 

J.  A.  Crowell 

J.  A.  Crowell 

H.  M.  Curry 

J.T.Jones 

J.T.Jones 

E.  P.  Jennings... 


9.77 
4.49 
5.07 
2.92 
4.42 
3.59 
4.01 
8.57 
4.07 
2.92 
7.36 
1.57 
1.23 
2.04 
3.20 
1.84 
3.35 
2.59 
1.025 
1.80 
4.36 


2.70 


1.88 


2.45 


6.04 


.107 
.112 
.121 
.090 
.075 
.076 
.075 
.075 
.058 
.092 
.039 
.015 
.010 
.012 
.038 
.022 
.047 
.045 
.011 
.016 
.027 
.034 
.042 
.010 
.057 
.032 
.018 
.010 
.020 
.034 
.039 
.038 
.015 
.012 
.015 
.013 
.022 
.056 
.069 
.033 


.37 


.17 
.957 


.16 


.21 


.349 
.442 
.587 
.331 


6.64 
7.05 


6.48 
5.35 


6.48 


6.25 


.160 


1221 
6.63 


7.50 
2.93 
6.33 


5.59 

2.50 

11.85 


2.2 


*  From  150-foot  drift  at  bottom  of  pit. 
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Analyses  of  Mesahi  Iron-Ore — continued. 


BIWABIK  MINE— CONTINUED. 


Pit  Number. 


17.  97-107  ft 

17.  67-77  ft 

17 

17.  72  ft.  ore 

17.  63  ft.  ore 

19.  30  ft.  ore 

56  ft.  deep. 

19.  16  ft.  hard  ore 

and  soft  ore  86| 

ft.  down. 

19.  2^ft.br'wn  ore 

at  bottom. 

20 

20. 
20. 
21. 


Sampler.  Iron.     SUica.     Phos.     Mang.    ^omb;    ^-^^^^ 


1st  15  ft 

15-25  ft 

1st  15  ft 

21.  15-25  ft 

21 

23.  Blue  ore  7  ft.i 

from  bottom.! 

24.  Bottom  ore... 

25.  Dump  ore  just 
under  surface. 

26.  37  ft.  at  base.. 
26.  5  ft.  at  bottom 
26.  Bhie    ore    at 

base. 


J.T.Jones 64.15 

J.T.Jones 64.00 

J.T.Jones 63.25 

J.T.Jones 65.34 

W.  H.  Smith 67.20 

H.  M.  Curry 64.20 

H.  M.  Currv 66.25 


H.  M.  Curry 64.75 

E.  P.  Jennings '  P2.60 

J.T.Jones i  62.40 


J.  T.  Jones 

J.  T.  Jones 

•J.  T.  Jones 

E.  P.  Jennings  .... 
H.  M.  Curry 


H.  M.  Curry. 
H.  M.  Curry. 

H.  M.  Curry., 
H.  M.  Curry. 
H.  M.  Curry. 


62.40 
50.85 
62.50 
57.40 
67.35 

64.05 
63.45 

65  50 
66.40 
63.25 


Average . 


1.27 
2.07 

1.63 


1.45 
5.83 


11.04 
1.85 

1.71 

2.85 

1.73 
1.63 

2.75 


.023 
.023 
.056 
.035 
.017 
.054 

.034 


.072 

.064 
.065 
.068 
.097 
.063 
.093 
.015 

.027 
.028 

.049 
.043 
.042 


.130 
.110 

.250 


.290 


.130 

.240 
.370 

.060 
.080 
.300 


63.70      3.46      .045      .284      4.42      6.94 


2.06 
5.00 

2.70 


5.67 


1.10 

4.88 
4.6 

3.3 
2.4 
3.1 


CANTON  MINE. 


3 D.  H.  Bacon 

North  Pit D.  H.  Bacon 

(?)  Yellow  ochre  J.  T.  .Jones 

(?)  20  ft.  sur.  45  J.  T.  Jones , 

ft.  on.  1 

(?)  Yellow  ochre  E.  P.  Jennings. 


Average ' 60.21 


57.22 
63.13 
60.65 
59.15 

60.90 

7.47 
2.29 
2.09 
4.31 

4.85 

.083      

.030  ! 

.105  i 

'8.04 
9.21 

10.05 
9.10 

.048    

.029    

60.21 

4.20 

.059    

1 

9.50 

7.65 

9.86 

10.22 


9.307 


CINCINNATI  MINE. 


1.  "  Poor  ore". 

2 

2 

3 

3 

3 H.  V.  Winchell. 

4 j  E.P.Jennings.. 

VOL.  XXI. — 43 


P.  L.  Kimberly .. 

J.  T.  Jones 

W.J.  Battle 

J.  T.  Jones 

W.J.  Rattle 


54.85 
59.95 
60.10 
61.65 
59.80 
59.24 
62.50 


15.06 

.026 

8.35 

.032 

8.60 

.040 

5.39 

.031 

8.40 

.040 

10.25 

.046 

4.89 

.087 

.475 


.497 


2.35 
3.16 


8.09 
8.44 


3.24  I    4.80 


4.01 
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Analyses  of  Mesahi  Iron-Ore — continued. 


CINCINNATI  MINE-coNTimjED. 

Pit  Number. 

Sampler. 

Iron.    1  Silica. 

Phos. 

Mang. 

Comb. 
Water. 

1   Free     j 
Water. 

5.  [Biwabik] 

5. 

5. 

5.          "     dump 

7 

8 

8 

8.  Dump 

8 

9 

9 

10 

10 

10.  Dump 

12 

P.  L.  Kimberly... 

fi.^.nn 

3.84 
4.83 
5.37 
7.65 

,029 
.039 
.039 
.050 
.038 
.028 
.034 
.045 
.040 
.028 
.078 
.112 
,110 
.078 
.063 
.034 

5.03 

3.16 

W.  J.  Rattle 61.50 

E.  P.  Jennings...    63.50 
H.  V.  Winchell..   59.00 

W.J.  Rattle 57.80 

E.  P.  Jennings....  54.50 
J.T.Jones.........   60.70 

J.T.  Jones 58.50 

W.J.  Rattle 54.90 

E.  P.  Jennings....   54.40 

W.  .J.  Rattle j  54.50 

E.  P.Jennings...!  55.70 

W.J.  Rattle 1  55.10 

H.  Y.  Winchell..  55.75 
E.  P.  Jennings...   56-80 

.198 

j 



' 

14.13 
8.10 
8.90 
16.00 
14.13 
9.08 
9.06 
8.68 
7.38 
6.00 

2.85 
5.39 

10.96 
7.55 

.515 

.460 

.810 

2d  from  North.... 

E.  P.  Jennings... 

57.20    12,88 

1 

Average 

58.30'    8.95 

.0498 

.493 

3.67 

6.71 

HALE  MINE. 

1 

2 

3 

4 

5 

D.  H.Bacon 

W.  J.  Rattle 

W.  J.  Rattle 

W.J.  Rattle 

W.  J.  Rattle 

61.16 
61.48 
61.10 
62.10 
57.60 

2.89 
3.60 
4.92 
2.92 
5.95 

.063 

.088 
.067 
.075 
.077 

.40 

1.20 
.849 
1.29 
1.657 

7.05 

Average 

60.69 

4.05 

.074 

1.079 

7.05 

KANAWHA  MINE. 

2 

2 

3 

4 

J.  T.Jones 

W.J.  Rattle 

W.J.  Rattle 

W.J.  Rattle 

64.45 
60.65 
59.60 
59.10 

3.32 
4.90 
6,40 

7.48 

.050 
.051 
.081 
.084 

5.29 

11.76 

.644 
.754 
.405 

Average 



60.95 

5.52 

.066 

.601 

5.29  _ 

11,76 

LONE-JACK  MINE. 

1 

1.  Bottom 

1 

2.  Bot'mored'mp 
2 

t).  T.  Adams 

H.  M.  Cnrry 

E.  P.  Jennings  .... 

H.M.Curry 

D.  T.  Adams 

59.415    7.55 
58.565     6.75 
55.000     9.29 
60:225,    3.716 

60.806    4.78 

! 



.251 
.348 

3.05 
3,15 

.096 
.089 

.540 
,775 

.478 

2.08 
2,05 

Average 

58.802  6.417 

.092 

2.58 
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Analyses  of  Mesabi  Iron- Ore — continued. 


MCKINLEY  MINE, 

Pit  Nimber. 

Sampler. 

Iron.     Silica. 

Phos. 

Mang. 

Comb. 
Water. 

Free 
Water. 

1 

D.  H.  Bacon 

D.  H.  Bacon  

J.M.Clifford 

60.32 
61.48 
65.60 

10.72 
9.27 
4.10 

.024 

.022 
.017 

.770 

1.85 
1.64 

2 



(?)  

Average 

62.46 

8.03 

.021 

.770 

1.74 

1 

MISSABE  MOUNTAIN  MINE. 

1 

1.  Upper  10  ft 

l-(?)  

!•(?)  

1 

1.  45  ft.  ore 

3 

3.  Dump 

4.  Dump 

(?) 

(?) 

J.  T.  Jones 

63.30 
56.80 

3.617 
7.20 

.051 
.041 
.026 
.061 
.037 
.053 
.075 
.027 

1.85 
3.30 
1.78 
2.92 
2.26 
1.75 
3.40 
1.15 
5.10 

H.  M.  Curry 

J.T.Jones 

J.T.Jones 

C.  F.  Howe 

H.  V.  Winchell... 

H.M.Curry 

W.H.  Smith 

H.  M.  Currv 

H.  V.  Winchell.... 

H.M.Curry 

E.  P.  Jennings  ...j 
E.  P.  Jennings  ...' 

.580 
.270 

62.40      4.80 
62.89  !   3.38 

9.80 

65.21- 
64.03 
60  05 
62  33 

3.83 
3.094 
4.65 
5.53 

.337 

1.090 

.840 

.503 

6.70 

61.304    5.40 

60.90 
56.817 
64.30 
62.50 

314 

11.967 
4.36 
4.89 

.080 
.050 
.077 
.087 

.180 

1.76 

Average 

61.75 

5.066 

.055 

.543 

2.52 

8.25 

MOUNTAIN  IRON  MINE. 

1.  [Old  number]. 

2.  " 

2.  [New  number] 

2.  18  ft.  ore 

3.  13  ft.  ore 

D.  H.  Bacon 

D.  H.  Bacon  

W.H.Smith 

H.  M.  Currv 

W.  H.  Smith 

H.  M.  Curry 

H.  M.  Curry 

H.  M.  Curry  

W.H.Smith 

62.43      5.70 
59.12    11.48 
62.25  1    6.82 

.047 
.048 
.038 
.054 
.057 
.048 
.037 
.035 
.057 
.041 
.031 
.056 

4.15 

2.74 

.116 
.130 
.238 

2.50 
2.20 
1.88 

57.68 
64.93 
65.14 
65.55 

13.35 
3.70 
4.11 
4.14 

3 

4 

4.  23  ft.  ore 

4.  18  ft.  ore 

(?)  [Lam'rs,ch'n] 
(?)         " 
(?(         « 

64.242    4.98 
59.81  i    8  96 

.232 
.155 

2.80 
3  99 

63.68 
62  52 
62.65 

6.77 
2.74 
,■^9,0 

Average 

62.50 

6.49 

.0456 

.174 

2.674 

3.445 

NEW  ENGLAND  MINE. 

1.  26  ft.  ore 

2 

3.  20  ft.  ore 

E.  P.  Jennings  ... 
E.  P.  Jennings  ... 
E.  P.  Jennings  ... 

58.30 
62.60 
61.80 

5.99 
5.64 
6.44 

.084 
.037 
.029 

1 

Averase 

60.90 

6.02 

.050 
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Analyses  of  Mesabi  Iron- Ore — continued. 


OHIO  MINE. 

Pit  Number. 

Sampler. 

Iron. 

Silica. 

Phos. 

uTo^.^  1  Comb.  '   Free 
Mang.    ^vater.    Water. 

3 

3.  Pit,  last  20  ft... 

4.  26  ft.  ore 

3.  Dump,last20ft 

E.  P.  Jennings  .... 
J  T  Jones 

63.20 
64.53 
64.45 
61.25 

5.07 
4.20 
3.03 

8.783 

.032 

.047 
.037 
.020 

.414 

1.91   , 

E.  P.  Jennings  ... 
J.T.Jones 

.450 

1.48    

1 

1 

63.36 

5_27 

.036      .432 

1.695  ' 

Average  of  ave 

raffes 

61.22      5.80 

.055  !    .539 

3.99      6.844 

is  due  to  the  nature  of  the  ore,  which  is  largely  made  up  of  crystal- 
line grains  of  hematite. 

The  habit,  quite  general  on  the  range,  of  dumping  successive 
bueketfuls  of  ore  on  a  circular  stock-pile  and  spreading  it  around 
ev^enly,  renders  dump-samples  rather  unreliable.  It  is  evident  that 
the  last  ore  mined  is  on  top  of  the  dump  and  as  it  is  not  feasible  to  dig 
to  the  center  of  a  dump  40  or  50  feet  across,  the  sample  taken  will 
represent  but  a  part  of  the  ore  penetrated  by  the  pit.  To  be  sure 
the  sample  is  as  likely  to  vary  one  way  as  the  other,  but  is  not  satis- 
factory unless  the  pit  is  quite  uniform  or  the  ore  has  been  divided 
as  it  was  taken  out. 

The  foregoing  table  of  analyses  does  not  do  full  justice  to  all  of  the 
mines  represented.  The  Berringer,  Canton,  Lake  Superior  and  New 
England  have  already  made  developments  showing  a  higher  grade 
of  ore,  and  there  is  no  doubt  that  some  of  the  rest  will  improve 
with  further  development. 

Comparison  with  Other  Ores. — Until  there  shall  have  been  a  large 
consumption  of  the  Mesabi  ores  it  will  be  impossible  to  tell  exactly 
how  they  compare  in  all  respects  with  the  ores  of  other  districts. 
There  are  high  and  low  grades  of  ore  on  all  ranges,  and  the  average 
tonnage-purity  of  an  entire  range  has  never  been  determined.  By 
this  is  meant  the  average  quality  of  the  ore  taking  into  considera- 
tion the  number  of  tons  of  each  grade  mined.  Some  notiou  of  the 
comparative  excellence  of  Mesabi  oras,  however,  can  be  gaiued  by  a 
consideration  of  the  analyses  already  given  and  the  actual  results  ob- 
tained in  other  instances. 

The  output  of  the  Minnesota  Iron  Co.  from  the  Vermilion  raugo 
in  1891  is  classified  in  the  following  table.     This  ore  is  well  knowu 
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as  one  of  the  finest  hard  hematites  obtainable ;  and  yet  only  47  per 
cent,  of  the  output  was  Bessemer. 


Table — Showing  Product  of  the  Ilinnesota  Iron  Company  in  1891. 


Shaft. 

Vermilion. 

Soudan. 

Red  Lake. 

Minnesota. 

Nipigon. 

Total. 

No.  1 

3 

Alaska  ... 

2,813 
298 

24,379 
10,939 

6,581 

1,065 

14,243 

6,655 

6,324 

10,073 

2,423 

742 

82 

834 

913 

91 

278 

14,615 
46,382 

48,388 

59,330 

14,243 

192,253 

57,566 

103,128 

19,811 

16,083 

1,259 

1,887 

3,232 

112 

278 

646 

5*.... 

21,779 

46,174 

591 

5,683 

15,341 

1,177 

377 

2,319 

21 

159,836 
5,068 

3,983 

7 

8 

9 

10 

92,464 
154 

11,126 

425 

10,  scram 
17 

676 

13 

12 ' 

19 --- 

Total... 

95,729 

128,780 

50,304 

237,703 

5,054 

517,570 

Pickands,  Mather  &  Co.,  the  Cleveland  agents  for  the.se  grades  of 
ore,  give  the  following  average  analyses  for  1891,  and  guarantees  for 
1892: 

Commercial  Grades  of  Ore  from  Vermilion  Iron  Range,  1891. 


Vermilion. 

Soudan. 

Red  Lake.  Minnesota. 

Chandler. 

Long  Lake. 

Iron 

67.75 

1.58 

.157 

.29 

.98 

Trace. 

Trace. 

1.00 

65.96 

2.27 
.102 
.14 

1.80 

Trace. 

.30 

.54 

63.49 

5.00 
.111 
.19 
.90 
.026 
.30 
.71 

68.14 

1.30 

.049 

Trace. 

1.10 

.13 

.56 

63.91 

5.10 

.041 

.69 

2.90 

Trace. 

Trace. 

.37 

60.06 
7.20 
.044 
.61 
2.87 
.043 
.19 
.31 

Silica 

Phosphorus 

Manganese 

Alumina 

Sulphur 

Mao'nesia 

Lime 

Guarantees  : 
Iron 

66.66 

65.00 
.12 

62.00 

66.66 
.055 

63.00 
.05 

60.00 
.05 

Phosphorus 

In  1891  the  Chandler  mine  produced  354,993  tons  of  Chandler 
ore  and  20,873  tons  of  Long  Lake  ore.  The  entire  product  of  this 
mine  is  Bessemer.  In  some  respects  this  is  the  greatest  mine  in  the 
world.     Occupying  but  80  acres,  its  product  for  1892  will  be  nearly 

*  Includes  Montana,  Butte,  Armstrong,  and  No.  6  Shaft. 
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or  quite  650,000  gross  tons  of  remarkably  uniform  ore.  Cargo  after 
cargo  is  sampled  at  Cleveland  that  will  not  vary  half  of  one  per 
cent,  in  iron. 

The  analyses  of  certain  standard  grades  of  ore  from  the  Marquette 
and  Menominee  ranges  are  given  in  the  following  table: 

Analyses  of  some  Grades  of  Ore  from  the  South  Shore  in  ISQl.f 


Grade  name. 

Locality. 

Kind  of  Ore. 

1 

c3 

3 

t-t 
0 
JS 

a, 
0 

0^ 

6 

3 

a 

S 

3 

< 

.2 

c 

<o 

2 
bo 

a 

as 

6 

3 

a. 

American . ... 

Marquette  co 

Hard  specular 

64.00 

4.70 

.04 

.017 

.55 

.48 

.46 

.23 

Millie* 

Menominee.. 
Menominee.. 

Blue  hematite 
Blue  hematite 

63.60 
66.05 

3.12 

2.65 

.029 
.012 

.019 
Trace 

.71 
.40 

1.94 
.60 

.598 
1.02 

.459 
.21 

5.51 

Castile* 

6.56 

Ingalls*  

Menominee.. 

Blue  hematite 

64.30 

2.95 

.056 

.011 

.20 

.98 

1.73 

.24 

6.04 

Grenada*  .... 

Menominee.. 

Blue  hematite 

64.50 

3.05 

.08 

.010 

.25 

.88 

1.54 

.29 

6.58 

Chapin* 

Menominee- 

Blue  hematite 

61.20 

4.22 

.069 

.019 

1.22 

1.15 

2.30 

.426 

6.45 

Ray 

Non-Bessemer 
Red  hematite.. 

56.90 
62.81 

3.61 
5.22 

.07 
.14 

.23 
.024 

1.78 
.41 

1.36 
.78 

4.32 
1.72 

.66 
.50 

4.87 
7.31 

Winthrop*... 

Marquette  CO 

B.B.Norw'y* 

Menominee- 

Red  hematite.. 

59.00' 11. 10 

.218 

.025 

.98 

1.56 

1..17 

.479    7.03 

Marquette.... 

Marquette.... 

Non-Bessemer 

45.60 

31.00 

.074 

.029 

.41 

1.36 

.216 

.463 

5.87 

Average 



60.79 

7.16 

.078 

.038 

.69 

1.11 

1.50 

3.95 

5.62 

*  Dried  at  212°. 
t  Furnished  by  M.  A.  Hanna  &  Co.,  Cleveland. 

It  will  be  noticed  that  the  average  of  the  ten  grades  given  is  lower 
than  that  of  the  large  number  of  samples  of  Mesabi  ore  in  the  pre- 
vious table.  It  is  not  claimed  that  this  average  is  a  correct  one  of 
the  product  of  the  ranges  represented,  but  it  is  claimed  that  it  is  simi- 
lar to  the  average  obtained  from  the  various  Mesabi  analyses,  and 
that  the  comparatively  high  grade  of  the  latter  ores  is  shown  thereby. 
It  is  unlikely  that  any  ore  will  ever  be  shipped  to  Cleveland  of  as 
low  grade  as  the  "  Marquette  "  in  the  table,  but  it  is  certain  that 
there  will  be  grades  of  Mesabi  ore  as  low  in  phosphorus  and  as  high 
in  iron  as  any  in  the  list,  and  that  in  large  quantity. 

It  is  hardly  necessary  to  refer  to  the  fact  that  southern  ores  are 
very  much  lower  in  grade  than  Lake  Superior  ores.  Their  prox- 
imity to  the  coal  field  and  the  furnace  is  the  only  advantage  that 
enables  them  to  compete  with  the  northern  ores  at  present ;  and  if 
an  unlimited  amount  of  high-grade  Lake  Superior  ore  can  be  profit- 
ably deposited  in  Cleveland  at  a  reduction  of  50  cents  per  ton  be- 
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low  the  present  market-price,  most  of  the  southern  furnaces  will  find 
competition  difficult. 

From  recent  experiments  in  New  York  and  New  Jersey  it  appears 
probable  that  a  large  amount  of  concentrated  iron-ore  may  be  put 
upon  the  market  in  the  next  few  years  and  become  an  active  and 
important  competitor  of  the  Lake  Superior  ores.  It  is  also  reported 
that  the  Sigua  and  Juragua  districts  of  Cuba  will  soon  be  able  to 
ship  several  hundred  thousand  tons  per  annum  of  high  grade  ore  to 
this  country,  and  that  they  can  do  it  at  a  profit  under  the  present 
duty  of  75  cents  per  ton. 

All  these  facts  indicate  that  the  price  of  Bessemer  ore  will  tend  to 
be  lower  rather  than  ffigher,  and  Mesabi  mine-owners  may  well  be 
congratulated  that  to  the  excellent  quality  of  their  ore  is  added  the 
combination  of  great  abundance  and  advantageous  situation  for  very 
cheap  mining. 

YII.  Method  of  Prospecting. 

There  is  nothing  particularly  novel  or  original  in  the  manner  in 
which  prospecting  is  conducted  on  the  Mesabi.  An  illustration  in 
Agricola's  De  Re  MetaUica  of  a  test-pit  in  the  sixteenth  century 
shows  a  windlass,  operated  by  a  crank  at  each  end,  almost  identical 
with  those  employed  here  three  hundred  years  later.  The  only  differ- 
ence is  that  the  ancients  used  two  buckets,  one  on  each  end  of  the 
windlass,  thus  making  the  work  easier  and  saving  time. 

The  pits  are  rectangular  and  vary  greatly  in  diameter.  Unless 
very  deep  and  wet  they  are  seldom  timbered  below  the  top  of  the 
ore.  During  the  winter  pits  are  sunk  in  favorable  situations  to  the 
depth  of  more  than  100  feet  with  pick  and  shovel,  unaided  by  a 
single  drill-hole  or  blast  of  powder.  In  the  spring,  however,  sur- 
face-water gives  much  trouble,  and  pumps  are  needed.  At  times 
there  are  strata  of  hard  ore  or  a  capping  of  rock  to  be  penetrated  by 
drilling  and  blasting. 

The  ore  is  hoisted  out  in  buckets  and  piled  up  around  the  mouth 
of  the  pit  in  a  circular  dump  or  stock-pile,  ^yhen  the  pit  is  more 
than  100  feet  deep  the  operation  of  hoisting  by  hand  is  a  very  slow 
one  and  a  "  bent"  is  sometimes  arranged  for  hoisting  by  horse-power 
and  dumping  into  a  tram-car.  This  method  was  first  employed  on 
the  Mesabi  at  the  Biwabik  in  the  northeast  drift  at  pit  No  15. 

If  the  ore-deposit  lies  in  a  rock-rimmed  basin  there  is  usually  con- 
Biderable  water  in  the  ore.  If  it  lies  on  a  hillside  and  is  of  consider- 
able extent,  the  water  filters  down  through  the  ore  to  the  basal  quart- 
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zite  and  the  upper  part  of  the  ore-body  is  quite  dry,  even  in  very  wet 
seasons.  It  follows  that  the  presence  of  water  in  an  ore-pit  is  sim- 
ply an  indication  that  it  cannot  get  away,  while  its  absence  is  a  sign 
that  it  can  escape,  probably  by  filtering  down  in  the  ore,  which 
is  therefore  concluded  to  be  of  considerable  amount.  The  signifi- 
cance of  the  various  rocks,  and  their  usual  appearance,  have  already 
been  discussed. 

yill.  Mines  Already  Opened — Biwabik. 

After  the  discovery  of  the  Mountain  Iron  mine  in  1890,  de- 
scribed in  the  first  section  of  this  paper,  no  further  discoveries  of 
importance  were  made  until  about  a  year  later,  when  an  explorer 
named  John  McCaskill  saw  traces  of  soft  ore  in  the  roots  of  an 
over-turned  tree  in  section  three,  T.  58-16.  This  led  to  the  dis- 
covery of  the  Biwabik,  Cincinnati,  Canton,  Hale  and  Kanawha 
mines. 

Biioahik. — Captain  J.  A.  Nichols  and  Mr.  Wilbur  Merritt  discov- 
ered in  August,  1891,  by  means  of  test-pits,  the  ore  on  this  property. 
The  development  was  entrusted  soon  after  to  Captain  J.  G.  Cohoe; 
and  the  pits  sunk  here  early  in  1892  revealed  the  extraordinary 
value  of  the  deposit  and  of  the  whole  range. 

In  the  latter  part  of  April  the  Biwabik  Mountain  Iron  Co.  leased 
three  forties  in  sections  two  and  three,  T.  58-16,  to  P.  L.  Kimberly, 
of  Sharon,  Pa.  The  lessee  is  required  to  mine  at  least  300,000 
tons  per  annum  and  to  pay  a  royalty  of  50  cents  per  ton.  Ex- 
ploration was  continued  in  a  systematic  manner  and  soon  became 
the  model  for  such  work  on  the  range. 

Millions  of  tons  of  soft  hematite,  averaging  63  per  cent,  iron  and 
0.045  phosphorus  are  here  found  within  100  feet  of  the  surface. 
This  mine  should  eclipse  all  former  records  for  cost  of  mining  and 
capacity  of  production.  Larger  deposits  may  be  found  hereafter  on 
the  Mesabi.  The  Mountain  Iron  may  prove  to  be  equal,  and  is  at 
present  a  good  second ;  but  the  amount  of  ore  reasonably  to  be  esti- 
mated as  in  sight  at  the  Biwabik  exceeds  that  of  any  two  other  mines 
yet  opened  on  the  range. 

During  the  winter  of  1891-1892,  work  was  vigorously  prosecuted 
on  the  properties  in  T.  58-16,  and  the  discovery  of  a  large  amount 
of  ore  produced  considerable  excitement  in  Duluth  and  among  north- 
western iron-miners,  in  the  months  of  January,  February  and  March, 
1892.  Many  new  companies  with  very  large  capital  stock  were 
organized,   and   the   work   of  searching   for   new  iron-deposits  was 
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begun  in  dozens  of  camps  in  the  dead  of  winter.  Log-camps  were 
erected  and  tons  of  supplies  were  taken  on  runners  to  the  various 
locations  west  of  Mesaba  station  on  the  Duluth  and  Iron  Range 
Railroad.  The  organization  of  these  companies  was  a  matter  of 
speculation.  The  lands  were  iield  either  in  fee,  or  under  State  or 
private  lease  at  a  royalty  of  25  or  30  cents  per  ton,  and  were  selected 
without  any  knowledge  of  the  general  or  local  conditions  of  the 
region.  It  was  to  be  expected  that  many  of  these  enterprises  would 
fail ;  but  it  must  be  admitted  that  the  number  of  successful  ones  has 
been  surprisingly  large. 

McKinley. — In  December,  1891,  ore  was  found  on  the  McKinley, 
N.W.  \  S.E  \,  section  8,  T.  58-16.  During  January,  under  the 
direction  of  ]Mr.  D.  McKinley,  three  pits  were  sunk  in  good  soft 
blue  hematite  proving  the  existence  of  a  valuable  deposit;  and  work 
was  then  suspended,  until  railroad  facilities  could  be  obtained.  The 
full  extent  of  the  deposit,  therefore,  has  not  been  determined  ;  but 
the  property  is  a  large  one,  and  there  is  abundant  opportunity  for 
developments  of  great  value. 

Missabe  Mountain. — A  pit  located  with  very  good  judgment  by 
Captain  J.  G.  Cohoe,  one  of  the  earliest  and  best  explorers  on  the 
range,  encountered  ore  on  the  property,  N.E.  ^  section  8,  T.  58-17, 
in  the  first  pit  sunk,  at  the  depth  of  13  feet.  This  was  in  the  last 
of  March,  1892.  The  first  ore  discovered  in  this  township  was  on 
this  property.  Other  pits  on  the  same  land  revealed  a  large  de- 
posit of  ore  of  good  quality  and  in  about  four  months  a  lease  was 
made  to  H.  W.  Oliver,  of  Pittsburgh,  on  a  guaranteed  output  of 
400,000  tons  annually,  at  the  high  royalty  of  65  cents  per  ton.  The 
income  of  this  company  is  thus  assured  to  be  more  than  $250,000 
from  this  property  alone.  An  advance-royalty  of  $75,000  was  paid 
by  Mr.  Oliver. 

Ohio. — The  Ohio  Iron  Co.,  in  April  last,  moved  its  workmen  to 
the  corner  of  its  property  nearest  the  first  pit  on  the  Missabe  Moun- 
tain, and  was  rewarded  by  finding  soft  blue  hematite  of  excellent 
quality  in  several  pits.  Early  in  June  this  property  was  leased  to 
James  Sheridan,  of  Duluth,  and  others,  who  agreed  to  pay  $97,500 
a  year  in  royalties  at  the  rate  of  65  cents  per  ton. 

Lake  Superior. — In  February  or  Maroh  ore  was  found  in  the  N.E. 
quarter  of  section  22,  T.  58-20,  on  the  land  of  the  Lake  Superior 
Iron  Co.  This  was  the  fourth  township  in  which  ore  had  been 
found,  and  its  discovery  added  greatly  to  the  already  intense  excite- 
ment in   Duluth.     The  statement  was   often   made   that  the  whole 
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country  was  full  of  iron-ore,  and  that  a  test-pit  could  hardly  fail  to 
find  it.  Some  were  of  the  opinion  that  iron-ore  would  be  so  abund- 
ant as  to  be  worthless.  It  is  needless  to  say  that  those  who  enter- 
tained this  fear  were  ignorant  of  the  immense  consumption  of  iron- 
ore  in  this  country,  and  also  that  the  notion  of  the  universal  pres- 
ence of  workable  deposits  was  delusive. 

This  company  has  found  ore  in  several  pits  both  at  the  first  loca- 
tion and  at  another  farther  west.  As  yet,  no  sub-lease  has  been 
made;  it  may  be  the  intention  of  the  owners  to  do  their  own 
mining. 

Kanavjha. — The  Kanawha  Iron  Co.,  in  April,  1892,  did  consid- 
erable exploration  on  the  S.E.  \  N.W  ^^  section  1,  T.  58-16,  and 
found  a  considerable  thickness  of  ore  in  a  series  of  test-pits  located 
east  and  west  along  the  north  side  of  the  forty.  The  width  of  the 
deposit  is  not  yet  shown  to  be  great  here.  The  ore  seems  to  lie  in  a 
rather  narrow  gorge.  The  peculiar  relation  of  the  ore-deposit  at 
this  place  to  the  green  schist  or  "greenstone"  is  shown  in  Fig.  5. 

On  this  property  and  on  the  Hale,  immediately  to  the  east,  it  is 
plainly  shown  that  the  drainage-slope  considered  requisite  to  facili- 
tate the  replacement  process  does  not  necessarily  consist  of  the  rocks 
of  the  Taconic  formation  above  the  ore-deposit  itself  The  flow  of 
waters  which  has  accomplished  the  replacement  and  concentration 
may  have  come  from  a  ridge  of  Keewatin  green  schist  or  Archaean 
granite.  At  this  place  there  are  two  pits  50  feet  apart,  one  in  55 
feet  of  ore  and  the  other  in  green  schist.  The  schist  is  the  same  as 
that  seen  elsewhere  on  the  range,  and  lies  unconformably  beneath  the 
Taconic  rocks.  It  dips  here  N.  85°,  while  the  dip  of  the  ore  is  S. 
10°.  The  ore  occupies  a  gorge  at  the  contact  line  between  the  two 
formations.  The  same  deposit  in  the  same  relative  position  extends 
eastward  across  the  Hale  forty.  The  bare  ridges  of  green  schist  rise 
much  higher  northward,  and  the  drainage  is  from  the  schist  ridges 
into  the  valley  in  which  the  ore  is  found.  The  fact  that  the  ore  on 
these  two  properties  is  largely  a  non-Bessemer  goethite  is  an  indica- 
tion that  the  replacement  is  not  so  perfect  in  this  situation  as  when 
the  entire  slope  is  composed  of  the  Taconic  iron-formation. 

At  the  Mountain  Iron,  as  also  at  the  Lake  Superior,  the  quartzite 
is  underlain  by  granite. 

New  England. — In  May  a  fine  body  of  ore  was  discovered  on  the 
property  of  the  New  England  Iron  Co.,  N.W.  I  N.W.  \,  section  9, 
T.  58-17.  Later  developments  have  shown  the  existence  of  nearly 
40  acres  of  ore,  much  of  which  is  the  peculiar  soft  blue  ore  recog- 
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nized  as  the  best  on  the  range.  In  August  this  property  was  sub- 
leased to  Capt.  N.  T>.  Moore  and  others  at  a  royalty  of  55  cents  per 
ton  and  an  advance  royalty  of  §50,000.  This  company  controls 
other  lands  favorably  situated,  but  as  yet  undeveloped. 

Virginia. — The  Virginia  Iron  Co.  also  found  ore  in  May  on  the 
N.E.  I  S.E.  J,  section  8,  T.  58-17.  This  property  was  sub-leased  in 
August.  A  number  of  test-pits  indicate  that  there  is  ore  over  a 
large  area.  Like  the  New  England,  Wyoming,  Lone  Jack,  Kana- 
wha and  others,  it  belongs  chiefly  to  A.  E.  Humphreys  &  Co.,  who 
were  fortunate  in  their  selection  of  lands,  and  who  spared  no  ex- 
pense in  rapid  and  thorough  exploration.  The  phenomenally  quick 
development  of  the  new  range  is  due  perhaps  more  largely  to  their 
efforts  than  to  those  of  any  other  single  firm  or  individual. 

Paddack's. — Ore  was  found  in  May  on  the  S.W.  ^  N.E.  I,  sec- 
tion 3,  T.  58-18,  east  of  the  Mountain  Iron  mine.  This  was  the 
second  property  in  this  township  to  show  a  good  body  of  ore.  The 
glacial  drift  here  exceeds  50  feet  in  depth,  and  water  is  trouble- 
some, but  the  body  of  merchantable  ore  may  be  of  considerable  ex- 
tent. 

Lone  Jack,  Wyoming,  Security,  Great  Western  and  Rouclileau. — 
In  May,  ore  was  found  on  the  above  properties,  all  situated  in  T.  58- 
17.  There  is  a  large  bend  in  tiie  green  schist  ridge  in  this  township, 
and  the  largest  group  of  mines  on  the  range  is  situated  on  the  flanks 
of  this  loop  or  bend.  As  will  be  seen  from  the  map,  these  mines 
follow  the  curving  line  of  the  greenstone  ridge,  irrespective  of  its 

List  of  Sub-Leases  Already  Made. 


Mine. 

Lessee. 

Roy'lty 

Advance 
Royalty. 

Minimum 
output. 

Cincinnati 

Standard  Ore  Co 

P.  L.  Kiniberly 

Berringer  et  al 

Weimer  et  al 

A.J.  Decker 

J.T.Jones 

Parkersburg  Iron  Co... 
N.  D.  Moore 

Per  ton. 
55cts. 
50  " 
50  " 
50  " 
30  " 
50  " 
50  " 
55  " 
50  " 
65  " 
65  " 
60  " 

$25,000 

Tons. 

150,000 

300,000 

75,000* 

50,000 

25,000 

25,000 

50,000 

150,000 

50,000 

50,000 

400,000 

150,000 

50,000 

Biwabik  

Biwabik 

Virginia 

Wyoming 

Wyoming 

Wyoming 

New  England 

New  England 

Lone  Jack 

Missabe  Mountain 

Ohio 

Hale 

25,000 
40,000 

30,000 
50,000 
25,000 

J.  B.  Weimer 

Moore  &  Folev 

H.  W.Oliver.". 

Jas.  Sheridan  et  al 

Bates  and  Barbour 

75,000 

.SOand.iO 

1,525,000 

*  Average — the  requirements  being  100,000  and  50,000  in  alternate  years. 
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local  direction.  The  work  on  this  group  is  not  sufficiently  advanced 
to  warrant  detailed  description.  The  main  features  are  similar  to 
those  of  other  properties  already  described. 

Other  Discoveries  of  Ore. — There  are  authentic  reports  of  the  dis- 
covery of  merchantable  ore  in  townships  58-20,  58-21  and  57-22 
on  the  lands  of  the  Washington,  Mesabi  Chief  and  Lake  Superior 
iron  companies,  as  well  as  on  land  under  lease  to  J.  M.  Longyear, 
These  have  not  been  visited  recently  by  the  writer. 

The  same  must  be  said  of  the  Diamond  mine  in  T.  56-24.  This 
mine  has  been  operated  for  several  years  under  the  superintendence 
of  E.  W.  Griffin,  of  Minneapolis.  The  result  was  not  at  first  satis- 
factory, and  considerable  trouble  was  experienced  with  water.  It  is 
reported  that  operations  are  now  going  on  in  a  body  of  good  soft  ore. 

IX.  Method  and  Cost  of  Mining. 

In  an  article  in  the  Cleveland  Iron  Trade  Review,  July  21,  1892, 
the  writer  made  the  following  statements : 

"  The  most  important  feature  of  the  Mesabi,  in  view  of  its  distance  from  the  fur- 
nace and  of  forced  competition  with  other  ranges,  is  the  cheapness  of  mining.  A 
few  estimates  will  make  this  clear.  Old  methods  and  old  calculations  will  not  answer 
on  this  range.  Soft  ore,  large  areas  near  the  surface  and  horizontal  deposits  are 
not  to  be  handled  by  deep  shafts,  air-compressors,  timbering  and  costlv  pnraps.  It 
is  the  exception  to  find  the  ore  covered  by  rock,  and  it  is  unusual  to  find  more  than 
fifty  feet  of  glacial  drift  lying  upon  it.  It  is  not  to  be  supposed  that  there  will  be 
only  a  single  method  of  mining  here.  Different  men  will  have  different  ideas  and 
properties  will  present  different  problems  ;  but  it  is  plain  that  the  most  of  the  mines 
will  be  worked  as  open  pits  with  the  surface  stripped  off. 

"  Estimates  of  the  cost  of  removing  earth,  sand,  clay,  gravel  and  boulders  can  be 
obtained  from  any  railroad  contractor.  The  cost  per  cubic  yard  varies  from  six  to 
forty  cents,  according  to  the  material  and  the  facilities  for  removing  it.  With  a 
railroad  at  hand,  a  steam-shovel  will  remove  ordinary  sand  and  gravel  at  six  cents 
a  yard.  By  hand-work,  without  railroad  facilities,  it  will  cost  from  twenty-five  to 
forty  cents  a  yard. 

"  When  the  surface  is  stripped  off  the  ore  is  found  in  flat  deposits,  covering  sixty  or 
more  acres  and  from  20  to  90  feet  thick.  Test-pits  are  sunk  in  places  117  feet  deep 
by  pick  and  shovel  without  a  single  drill  hole  or  blast  of  powder.  In  other  spots 
there  may  be  20  or  30  feet  in  a  pit  which  is  too  hard  to  pick.  This  can  be  thrown 
down  in  large  quantities  when  there  is  once  a  face  on  it,  and  can  then  be  loaded  by 
hand  or  steam-shovel.  Where  no  blasting  is  required  the  expense  of  loading  cars 
by  hand  labor  will  not  exceed  twenty-five  cents  per  ton  ;  by  steam-shovel  it  may 
reach  ten  cents.  Where  the  ore  is  hard  enough  to  blast  the  expense  of  excavating 
and  loading  on  cars  may  reach  forty  cents.  It  is  not  necessary  to  reckon  into  our 
calculation  any  interest  on  a  large  investment,  for  that  is  covered  by  royalty.  No 
expensive  plant  is  depreciating  on  our  hands.  Fewer  damage  suits  arise  from  in- 
juries received,  because  our  men  work  by  daylight. 

"  Let  us  now  with  these  figures  before  us  make  a  theoretical  estimate  of  the  cost 


6<S6  THE    BEXDIGO    GOLD-FIELD. 

of  mining  ore  on  almost  any  property  on  the  Mesabi  which  has  been  developed 
enough  to  sliow  the  depth  of  ore  and  the  amount  of  stripping.  One  cubic  yard  of 
ore  weighs  about  two  and  one-half  tons,  one  yard  of  earth  about  one  ton.  The 
average  depth  of  ore  so  far  revealed  on  several  properties  is  70  feet  and  the  surface 
35  feet.  In  other  places  the  ore  is  60  or  even  80  feet  thick,  and  the  surface  only  20; 
but  for  the  sake  of  estimation  let  us  consider  the  ore  onh'  twice  as  thick  as  the  sur- 
face. There  are  then  two  cubic  yards  of  ore  for  each  cubic  yard  of  surface.  But 
as  each  yard  of  ore  weighs  two  and  one-half  tons,  there  are  five  tons  of  ore  for  each 
yard  of  surface,  and  if  the  stripping  costs  a  maximum  of  forty  cents  per  yard,  the 
cost  for  each  ton  of  ore  is  eight  cents.  At  the  minimum  of  six  cents  per  yard  for 
stripping  the  stripping  cost  is  only  one  and  one-fifth  cents  for  each  ton  of  ore. 

"  When  the  surface  is  removed  the  ore  is  practically  in  a  huge  stock-pile  con- 
taining, in  some  instances,  several  millions  of  tons.  At  the  maximum  cost  of  min- 
ing this  by  hand,  and  in  hard  ore,  the  cost  of  stripping  and  placing  ore  on  cars  is 
forty-eight  cents  per  ton.  The  minimum  cost  at  the  figures  given  above  is  eleven 
and  one-fifth  cents.  The  average  is  about  twenty-nine  and  one-half  cents.  But  as 
there  is  more  soft  ore  than  hard  the  average  may  be  expected  to  be  about  twenty- 
five  cents.  The  cost  of  timbering  alone  in  many  mines  on  the  south  shore  of  Lake 
Superior  exceeds  the  total  cost  of  mining  millions  of  tons  of  ore  on  the  Mesabi." 

The  approximate  cost  })er  ton  of  the  ore  delivered  in  Cleveland    ■ 
will  be  from  §2.55  to  §3.45,  distributed  as  follows  : 


Alining,  .... 
Royalty,  .... 
Railroad  freight  to  the  lake, 
Lake-freight  to  Cleveland,  . 
Insurance,  commissions,  etc., 

Total,      . 


§0.25  to  $0.50 
0.50  to  0.65 
0.65  to  0.80 
1.00  to  L25 
0.15  to    0.25 

$2.55  to  $3.45 


The  average  price  of  60  per  cent.  Bessemer  ore  at  Cleveland  is 
not  far  from  §4.25.  If  the  large  amount  of  Mesabi  ore  made  sud- 
denly available  should  force  the  price  down  to  §3.75  per  ton,  there 
would  still  be  a  profit  for  the  average  Mesabi  mine-operator. 


THE  BENDIGO  GOLD-FIELD  (SECOND  PAPER) :  ORE- 
DEPOSITS  OTHER  THAN  SADDLES. 

BY  T.    A.    RICKARD,    DENVER,  COLORADO. 
(Schuylkill  Valley  Meeting,  Reading,  October,  1S92.) 

The  earlier  paper  {Trans.,  xx.,  463)  describing  this  A^ictorian 
mining  district,  to  which  the  present  is  supplementary,  was  mainly 
confined  to  the  consideration  of  the  "  saddle-reefs,"  as  scientifically 
the  most   interesting  and  economically   the  most   important  of  the 
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ore-deposits  of  Bendigo.  Incidentally,  however,  references  were 
also  made  to  other  gold-bearing  quartz-formations  worked  in  the 
district;  and  of  these  a  brief  account  will  now  be  given.  Among 
them  the  most  productive  is  that  which  is  locally  named  a  "  make  of 
spurs"  or  "spur-formation,"  that  is,  a  network  of  quartz-veins 
bearing  some  resemblance  to  the  type  known  as  Stockwerk. 

The  Catherine  Reef  United. 

This  mine,  situated  at  Eaglehawk,  is  a  representative  of  the  class 
characterized  by  this  form  of  ore-deposit.  The  underground  work- 
ings disclose  a  strikingly  regular  succession  of  alternating  slate  and 
sandstone  beds  with  easterly  dip.  The  different  members  of  the 
series  are  named  according  to  their  thickness,  which  in  any  one  bed 
varies  between  narrow  limits  only.  Fig.  1  is  a  cross-section,  illus- 
trating the  structure  of  that  portion  ot  the  Lower  Silurian  country- 
rock  which  contains  most  of  the  mine-workings.  The  scale  of  the 
drawing  is  too  small,  and  it  would  otherwise  be  confusing,  to  indi- 
cate the  quartz-spurs  themselves;  but  it  will  be  understood  that  cer- 
tain members  of  this  series  of  slates  and  sandstones  are  traversed  by 
comparatively  small  and  generally  irregular  veins  of  quartz  called 
"spurs,"  and  confined  either  to  one  bed  or  to  a  certain  succession  of 
beds. 

The  "ore-shoots"  of  the  mine  are  the  "runs"  or  "makes"  of 
s])urs,  which  in  one  plane  (that  of  the  strike  of  the  enclosing  rock) 
pitch  north  22  inches  in  6  feet,  and  in  the  other  plane  (that  of  its 
dip)  cross  the  bedding  of  the  country  nearly  at  right  angles,  thus 
presenting  a  contrary  or  westward  dip  to  the  extent  of  the  width  of 
the  belt.  This  width,  measured  upon  the  westward  dip,  varies  for 
the  "  runs"  in  this  mine  from  150  to  200  feet.  Along  the  strike 
they  have  been  followed  north  and  south  for  several  hundred  feet, 
but  the  extent  of  their  development  necessarily  depends  upon  eco- 
nomic considerations,  the  amount  of  gold  they  carry  and  the  hard- 
ness of  the  rock  they  traverse.  In  the  Catherine  Reef  United,  the 
two  shafts  are  947  feet  apart,  and  one  run  of  spurs  has  been  traced 
throughout  this  distance  and  300  feet  beyond.  Such  a  network  may 
have  its  regular  course  disturbed  by  faults,  and  is  subject  to  the 
irregularities  of  strike  and  dip  which  usually  characterize  such  for- 
mations. 

In  this  mine  the  bed  richest  in  spurs  and  most  productive  in  gold 
is  the  "  forty-foot  sandstone  "  (see  Fig.  1),  so  called  from  its  thick- 
ness.    It  is  overlain   by  the  ten-foot  slate,  the   two-foot  sandstone 
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and  the  five-foot*  slate.  The  two-foot  sandstone  is  so  hard,  and  forms 
so  marked  a  feature  of  the  underground  workings,  that  the  miners 
have  named  it  "  The  Devil's  Back,"  and  by  this  term  it  is  generally 
known.  Underneath  and  west  of  the  forty-foot  sandstone  comes  a 
regular  series,  including,  in  the  order  named,  the  eighteen-foot  slate, 
the  thirty-foot  sandstone,  the  six-foot  slate,  the  eighteen-foot  sand- 
stone and  the  thirty-five-foot  slate.  The  wider  beds  of  sandstone 
are  often  subdivided  by  slate  partings,  as  the  thirty-foot  slate,  for  in- 
stance, is  cut  up  by  several  thin  seams  of  sandstone.  The  divisions 
into  slate  and  sandstone  are  frequently  somewhat  arbitrary,  since 
there  are  rocks  of  intermediate  composition,  sandy  slate  and  slaty 
sandstone,  recognized  by  the  miners  as  "bastard  slate"  and  "bas- 
tard sandstone."  The  main  divisions  into  the  "  bars "  or  beds  of 
stated  thickness  are  determined  at  the  time  of  driving  the  cross-cuts, 
when  the  drill  decides  the  question  of  relative  hardness  and  fracture. 

The  spurs  worked  in  the  forty-foot  sandstone,  in  the  stopes  above 
the  676-foot  level,  will  serve  as  illustrations.  Figs.  2  and  3  are  re- 
produced from  the  sketches  made  underground.  In  Fig.  2,  A  is  the 
bed  of  sandstone  dipping  east  and  penetrated  by  a  series  of  quartz- 
veins  inclining  flatly  to  the  west.  These  do  not  penetrate  the  over- 
lying slate  B,  but  they  are  found  in  the  underlying  bed  C,  where  their 
position  is  almost  invariably  changed  to  a  steeper  angle.  The  frac- 
tures filled  with  quartz  have  many  of  the  features  of  joints,  as  shown 
in  Fig.  3,  which  illustrates  the  same  bed  of  sandstone  in  another 
part  of  the  mine,  where  it  is  barren  of  quartz  but  fractured  in  lines 
which  are  almost  at  right  angles  to  the  plane  of  bedding. 

The  width  of  a  breast  (4  feet)  in  the  stopes  ordinarily  shows  an 
average  of  three  spurs,  the  largest  about  8  inches  and  the  smallest  1^ 
inches  in  thickness,  giving  an  average  width  of  15  inches  of  quartz 
in  the  4  feet  of  sandstone  rock  broken  for  the  mill. 

In  Fig.  4  a  longitudinal  section  is  presented,  as  seen  in  the  north 
stopes  of  the  676-foot  level.  It  will  be  noted  that  the  spurs  pitch 
to  the  north,  their  dip  being  (as  we  have  seen)  to  the  west.  Lines  of 
cross-fracture  or  jointage  are  indicated.  The  upper  spur  A  carries 
an  inclusion  of  country  C.  This  is  considered  favorable  to  the 
occurrence  of  gold,  which,  as  in  ordinary  vein-mining,  often  "  makes 
at  the  point  of  a  horse."     The  lower  spur  B  shows  two  splices. 

Fig  5  illustrates  a  behavior  on  the  jxirt  of  the  sjinrs,  whii-h  is 
characteristic  of  them  all  over  the  gold-field.  A  quartz-seam,  upon 
leaving  a  bed  of  sandstone  and  entering  one  of  slate,  invariably  turns 
its  dip  in  sympathy  with  the  cleavage  of  the  slate.     Frequently  a 
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big  "  blow  "  or  irregular  body  of  quartz  is  formed  in  the  slate  sepa- 
rating two  beds  of  sandstone.  This  is  very  marked  in  the  case  of  the 
ten-foot  slate,  as  shown  in  Fig.  5,  where  S  S  are  spurs,  A  is  the  forty- 
foot  sandstone,  B  the  ten-foot  slate,  C  the  "  Devil's  Back,"  and  D 
the  five-foot  slate. 

The  "  leaders,"  the  position  of  which  is  marked  on  the  general 
cross-section  (Fig.  1),  form  a  marked  feature,  and  are  useful  guides 
in  the  underground  workings.  They  are  essentially  thin  seams  of 
quartz  and  clay,  following  the  line  of  parting  between  certain  mem- 
bers of  the  series  of  slate  and  sandstone  beds.  The  thickness  of 
quartz  which  they  carry,  though  not  uniform,  is  usually  limited  to  4 
or  5  inches,  and  they  are  accompanied  by  a  variable  amount  of  graph- 
itic clay,  derived  from  the  softer  of  the  two  bounding  walls.  It  will 
be  noted  that  in  every  case  save  one  the  overlyinj^  bed  is  sandstone 
and  the  underlying  slate.  In  these  cases  the  leaders  carry  a  very  clean 
hanging-wall,  often  showing  smooth,  polished  surfaces,  sometimes 
also  marked  by  strice.  The  foot- wall  country  exhibits  a  variable 
amount  of  distortion,  and  is  frequently  in  a  crushed  condition  for  2 
or  3  feet  below  the  black  clay  or  mud  of  the  leader  into  which  it 
gradually  merges. 

Following  the  stratification  as  they  do,  the  leaders  may  be  con- 
sidered true  bed-veins.  There  is  abundant  evidence  that  the  plane 
of  parting  which  they  follow  has  also  been  a  plane  of  movement  of 
the  enclosing  rocks,  and  that  the  black  clay  which  is  one  of  their 
chief  characteristics  is  the  result  of  the  attrition  which  has  crushed 
the  softer  slate  constituting  one — usually  the  lower — of  the  two  sur- 
faces in  contact. 

In  the  development  of  the  mine,  such  a  leader  is  often  found  to  be 
the  apparent  starting-line  of  a  series  of  spurs.  It  is  also  found  that 
the  latter  are  frequently  faulted  by  the  former.  The  second  fact  ex- 
plains the  first.  Occasionally,  the  displacement  is  so  small  as  to  be 
of  no  importance  to  the  miner,  though  interesting  to  the  geologist. 

Fig.  6  illustrates  "  the  leader,"  so-called  to  distinguish  it  from 
the  "east,"  "west,"  and  "black"  leaders,  shown  in  Fig.  1.  The 
sketch  was  made  in  a  short  cross-cut  from  the  676-foot  level.  The 
leader  D  separates  the  forty-foot  sandstone  A  from  the  eighteen - 
foot  slate  B.  It  consists  of  a  thin  but  regular  vein  of  quartz  E, 
accompanied  with  black  clay  or  fluccan,  varying  from  one  to  three 
inches  in  thickness.  The  spur  S  in  the  forty-foot  sandstone  is  seen 
to  reappear  in  the  eighteen-foot  slate  ;  but  in  crossing  the  line  of  the 
leader  it  has  been  dislocated  and  broken.  The  throw  is  two  feet. 
VOL.  xxr.— 44 
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C  C  are  fragments  of  quartz  broken  off  the  spur  by  the  movement 
along  the  plane  of  the  leader.  The  greater  resistance  offered  at  this 
particular  point  by  the  quartz  of  the  spur  has  caused  a  local  increase 
of  the  thickness  of  crushed  material ;  and  consequently  there  is  a 
width  of  4  or  5  inches  of  black  clay  between  the  two  faulted  por- 
tions of  the  spur. 

Fig.  7  shows  the  "  black  leader,"  so-called  because  in  this  instance 
quartz  is  frequently  absent,  and  entirely  rej)laced  by  graphitic  clay. 
The  unusual  thickness  of  the  latter  is  explained  by  the  tact  that  the 
overlying  bed  A,  the  eighteen-foot  sandstone,  has  more  than  ordinary 
hardness,  while  B,  the  underlying  thirty-five  foot  slate  is  compara- 
tively soft.  The  sandstone  forms  a  straight,  clean,  polished  hanging- 
wall.  The  leader  C  carries  imbedded  in  the  clay  small  pieces  of 
quartz,  probably  the  shattered  remnants  of  quai"tz-veins  broken 
through  by  the  movements  along  the  plane  of  the  leader.  The  width 
is  about  4  inches.  The  underlying  slate  is  much  crushed  and  dis- 
turbed near  the  leader  and  is  full  of  distorted  threads  and  irregular 
pieces  of  quartz,  which  become  regular  spurs  at  no  great  distance 
from  the  leader. 

In  Fig.  8  the  "  east  leader  "  is  illustrated.  The  sketch  was  made 
in  the  stopes,  called  the  *'  No.  13  backs,"  above  the  870-foot  level, 
main  shaft.  This  leader  follows  the  line  of  parting  between  the 
thirty-foot  sandstone  and  the  six-foot  slate.  A  and  B  indicate  the 
thirty-foot  sandstone,  of  which  the  part  B  is  beginning  to  be  marked 
by  slaty  cleavage.  C  and  D  are  the  six-foot  slate  which,  near  the 
leader,  is  sandy.  The  country  on  the  two  sides  of  the  parting  has  a 
nearly  equal  hardness,  which  explains  the  fact  that  this  leader  is  no- 
tably narrow  and  is  accompanied  by  an  unusually  small  amount  of 
graphitic  clay.  The  sketch  shows  a  fault  to  have  taken  place.  The 
throw  is  about  12  inches.  Between  the  upper  and  lower  portions  of  the 
spur  S  the  leader  L  is  accompanied  by  a  small  quartz  seam  T.  Though 
this  is  very  small,  the  fact  that  the  two  larger  portions  of  the  spur 
are  connected  points  to  the  conclusion  that  the  faulting  of  the  frac- 
ture in  which  the  quartz  of  the  spur  was  deposited  took  place  before 
the  deposition  of  that  quartz,  which,  following  the  upper  portion  of 
S,  was  arrested  by  the  leader  or  parting  between  the  two  beds  B  and 
C;  that  it  followed  the  line  of  fault,  namely  the  leader,  as  the  seam 
T,  and  then  resumed  its  course  along  the  lower  portion  of  the  faulted 
fracture.  The  reason  for  the  narrowing  of  the  quartz  deposited 
along  T  was,  that  the  fracture  between  the  two  beds  was  very  nar- 
row and  straight,  not  affording  such  facilities  for  deposition  as  were 
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given  ])y  the  more  irregular,  broken  and  more  horizontal  fractures 
across  and  in  the  country-rock  itself. 

While  minor  faults  are  found  along  the  leaders,  the  latter  are 
themselves  dislocated  by  larger  faults,  coming  in  from  the  west. 
Fig.  9  shows  one  of  these,  as  seen  in  the  north  stopes  of  the  1140- 
foot  level.  F  is  the  line  or  wall  of  the  fault.  The  throw  is  from  A 
to  B,  12  feet.  The  structural  effects  of  the  fault  upon  the  country 
(and  therefore  upon  those  fractures  in  the  country  which  after  the 
faulting  became  the  depositories  of  quartz)  are  shown  by  the  spurs 
S  S,  which,  though  not  broken,  have  here  departed  from  their  usual 
west  dip,  and  incline  slightly  east.  At  a  short  distance  from  the 
fault  they  are  seen  to  resume  their  normal  position.  The  seam  lining 
the  fault-fissure  is  formed  of  quartz  of  a  different  character  from 
that  of  the  spurs  themselves.  Fig.  10  illustrates  another  similar 
fault,  this  time  in  the  stopes  abov'e  the  1070-foot  level,  north  of  the 
shaft.  The  throw  is  15  feet.  The  spurs  are,  as  in  the  previous  case, 
distorted  in  sympathy  with  the  fault,  the  line  of  which,  F  F,  is 
accompanied  by  three  or  four  inches  of  crushed  material. 

Lava  dikes  are  not  often  seen  in  this  mine ;  but  Fig.  11  illustrates 
their  characteristic  features,  due  to  their  later  origin,  in  this  gold- 
field.  Here  the  lava  dike  T,  seeking  the  lines  of  least  resistance, 
traverses  a  bed  of  sandstone  until  it  meets  with  a  fault,  which  it  fol- 
lows for  a  short  distance  before  taking  to  a  bedding  plane,  which  it 
in  turn  leaves  to  accompany  a  joint  fracture  l>efore  finally  resuming 
its  course  along  the  line  of  parting  between  two  beds. 

The  modes  of  occurrence  of  the  gold,  as  observed  in  this  mine, 
present  many  points  of  interest.  Figs.  12  and  13  are  longitudinal 
and  cross-sections  of  two  spurs,  A  and  C,  as  seen  in  the  1118-foot 
stopes.  At  and  near  the  point  marked  with  a  cross  in  Fig.  12  there 
was  found,  on  the  day  of  my  first  visit  underground,  a  very  rich 
bunch  of  gold-quartz.  The  spur  C,  though  particularly  gold- 
bearing  at  its  intersection  with  the  diagonal  .spur  B,  was,  however, 
also  rich  for  many  feet  in  length.  The  quartz  was  white,  some- 
what crushed  and  friable.  The  gold  was  coarse  and  could  readily 
be  separated  from  the  enclosing  quartz  by  the  point  of  a  drill.* 
This  spot  afforded  a  typical  example  of  the  generally  coarse  char- 
acter and  iregular  distribution  of  the  gold  in  spurs. 

*  It  is  the  custom  of  tlie  mine  manager,  in  making  his  daily  rounds  of  the  work- 
ings, to  remove  and  take  with  him  the  more  tempting  pieces  of  gold  exposed  in  the 
spurs;  and  at  this  place  we  spent  an  interesting  half-hour  in  hreaking  away  the 
richest  of  the  "'  stone,"  which  showed  gold  in  particles  as  large  as  peas. 
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Fig.  13,  a  cross-section  of  the  spurs  A  and  B  shown  in  Fig.  12, 
illustrates  the  almost  invariable  rule  that  the  quartz- veins  traversing 
the  rocks  of  this  district  cut  across  the  sandstone,  and  travel  along 
the  cleavage  lines  of  the  slate.  Fig.  14  shows  other  spurs  traversing 
the  beds  C,  D  and  E,  w^iiich  follow  the  same  rule. 

The  appearance  of  the  quartz  forming  the  ore  of  the  Catherine 
Reef  United  mine  would  be  considered  in  most  other  districts  unfa- 
vorable to  the  presence  of  gold.*  It  is  very  white  and  often  some- 
what sugary.  Again,  a  miner  usually  dislikes  vugs  or  geodes  in  a 
gold-quartz  vein  ;  but  here  they  are  often  accompanied  by  gold,  fre- 
quently pseudomorphic  after  mundic.  "Black  Jack  "  or  zinc-blende, 
arsenical  iron  pyrites  and  mundic,  are  the  minerals  accompanying 
the  gold.  Of  these  the  last  is  present  in  the  largest  proportion.  It 
is  coarsely  crystalline  and  appears  to  favor  the  smaller  spurs,  par- 
ticularly in  the  parts  nearest  the  enclosing  sandstone.  Galena  is  not 
often  seen,  but  is  considered  favorable  to  the  presence  of  gold.  The 
gold  is  generally  coarsef  and  of  high  caratage.  It  is  often  visible, 
and  invariably  so  in  rich  ores.  Pieces  weighing  7  dwt.,  4  dwt,,  and 
many  of  two  and  three  dwt.  have  been  taken  out  of  one  spur,  at 
depths  exceeding  1000  feet  from  the  surface.  As  a  rule  the  gold  is 
less  coarse  and  more  evenly  disseminated  in  spurs  which  traverse  the 
slate  than  in  those  found  in  the  sandstone.  It  would  be  hazardous 
to  say  that  the  slate  is  more  auriferous  than  the  sandstone,  though 
the  experience  of  the   managerj  points  that  way. 

Notwithstanding  the  occurrence  of  rich  specimens,  and  the  gene- 
ral coarseness  and  purity  of  the  gold,  this  mine  presents,  from  a 
business  standpoint,  what  is  familiarly  known  as  a  "  low-grade 
proposition."  The  character  of  the  work  done  is  indicated  by  the 
following  figures.  During  six  months  (1891)  11,080  tons  were 
mined  and  crushed,  yielding  2583  oz.,  12  dwt.  of  gold,  an  average 
per  ton  of  4  dwt.,  16  gr.  (including  34  tons  of  pyrites  yielding  66 
oz.,  5  dwt.).  One  dividend  of  sixpence  per  share  on  67,600  shares, 
was  paid  during  that  period. 

*  Miners  elsewhere  would  characterize  it  as  "  wild,"  "  rash,"  "bastard,"  or  "  bull 
quartz." 

t  As  indicated  by  the  retorts  in  the  mill.  For  instance  a  test  lot  of  ore  (46  tons) 
gave  42  ounces  of  amalgam  from  which,  on  retorting,  34  oz.,  15  dwt.  of  gold  were 
obtained. 

t  Mr.  Robert  Coates,  to  whom  I  am  indebted  for  courtesy  and  for  valuable  infor- 
mation. 
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The  New  Red,  White  and  Blue  Consolidated. 

This  mine,*  situated  at  the  other  end  of  the  Bendigo  district, 
affords  another  interesting  example  of  a  spur  formation.  Though  a 
much  smaller  mine  than  the  Catherine  Reef  United,  it  is  at  present 
one  of  the  best  producersf  upon  the  gold-field. 

Work  is  confined|  to  three  levels,  660,  760  and  820  feet  respec- 
tively from  the  surface.  The  main  stopes,  where  the  best  sections  of 
the  ore-deposit  are  obtainable,  are  above  the  760-foot  level.  That 
portion  of  the  country  in  which  the  spurs  are  found  dips  to  the  east. 
The  formation  or  "  make  of  spurs  "  pitches  south,  the  individual 
spurs  having  a  variable  direction.  So  far,  the  opening  up  of  the  mine 
has  not  led  to  the  recognition  of  "  leaders,"  such  as  those  noted  in  the 
Catherine  Reef  United;  but  the  country  is  traversed  by  "walls" 
having  smooth  faces  and  accompanied  by  black  clay,  which  also  dip 
eastward,  cutting  the  bedding  at  a  small  angle.  The  wedges  of  rock 
thus  formed  between  the  "  walls  "  and  the  planes  of  bedding  neces- 
sitate extra  care  in  timbering  the  mine.  These  "  walls  "  have  been 
lines  of  movement ;  and  frequently  the  extent  of  the  faulting  can 
be  determined.  Like  the  "  leaders  "  elsewhere,  they  are  found  to 
separate  barren  from  auriferous  ground,  and  hence  are  accepted  as 
guides  in  the  development  of  the  auriferous  portion  of  the  "  make  of 
spurs." 

Lava  dikes  are  often  seen  in  the  workings  of  this  mine.  One  in 
particular  can  be  followed  through  the  different  levels  and  stopes, 
and  is  of  economic  importance  in  that  it  is  held  to  limit  the  "  run  of 
spurs  "  in  the  ground  above  the  760-foot  level,  although,  below  that 
level,  it  crosses  the  ore-channel.  The  penetration  of  the  country-rock 
by  the  dikes  is  the  most  recent  occurrence  in  its  structural  history  ; 
and  the  supposition  of  their  agency  in  enriching  certain  portions  of 
an  ore-shoot  or  spur-formation  is  an  error,  based  upon  accidental  co- 
incidences. In  the  above  case,  for  instance,  the  lava  follows,  for  a 
certain  distance,  one  of  the  "  walls,"  whicii  it  then  leaves  to  take  an 
independent  line  across  the  country.     While  following  the  wall  it 

*  The  original  claim  received  its  name  from  its  first  operators,  a  company  of  sailors 
who  had  deserted  their  ships  in  Port  Philip  Bay,  and  taken  to  mining.  On  gala 
days  they  were  in  the  habit  of  decorating  the  works  with  red,  white  and  blue  flags. 

t  For  the  quarter  ending  September  30,  1891,  this  mine  produced  5174  tons, 
yielding  2815  oz.,  15  dwt.,  and  averaging  10  dwt.,  21  gr.  per  ton.  During  the  same 
period  the  fortniglitly  dividends  amounted  to  £5625. 

i  My  notes  are  from  visits  made  in  September  and  October,  1890.  I  would  ex- 
press my  thanks  to  Mr.  "Wm.  Hicks,  the  manager,  for  his  courtesy. 
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limits  the  gold-bearing  ground.  Previous  faulting  along  the  plane 
of  the  wall  may  have  brought  highly  auriferous  rock  opposite  to  that 
which  is  barren  :  and  where  this  result  is  observed  in  contact  with 
the  later  lava-dike,  it  is  natural,  but  erroneous,  to  ascribe  to  the  in- 
fluence of  the  dike  what  is  in  fact  the  effect  of  an  earlier  displace- 
ment and  separation  of  two  portions  of  an  ore-shoot,  along  a  plane 
of  movement  with  which  the  dike  happens  to  coincide  in  its  local 
position. 

The  accompanying  sketches  will  illustrate  the  different  structures 
seen  underground  in  this  mine.  Fig.  15,  is  a  sketch  taken  in  the 
stopes  above  the  760-foot  level.  The  bedding  is  indicated  by  the 
arrow.  H  H  is  called  the  hanging-wall  of  this  part  of  the  stoping- 
ground,  that  is,  it  is  accepted  as  the  upper  or  eastern  limit  of  the 
auriferous  formation.  The  rock  on  the  upper  side  is  hard  sandstone. 
The  "  wall  "  is  smooth,  shows  a  graphitic  lining  and  carries  a  little 
clay.  It  is  a  fault,  but  the  amount  of  throw  I  could  not  determine 
owing  to  the  disordered  structure  of  the  country.  A  is  sandstone, 
threaded  by  quartz-veins.  B  is  slaty  sandstone,  disordered  and  car- 
rying veins  of  quartz  C,  parallel  to  tlie  bedding.  D  is  soft,  black, 
broken-up  rock,  likewise  carrying  quartz  E ;  the  sandstone  F  also 
showing  twisted  pieces  of  quartz,  of  short  length.  G  is  slate.  T  is 
the  lava  dike,  here  two  feet  wide,  black  and  homogeneous.  It  bugs 
a  "  wall,"  nearly  parallel  to  that  which  bounds  the  other  side  of  the 
formation. 

Turning  round  and  looking  south,  one  sees  the  other  end  of  the 
stopes,  as  shown  in  Fig.  16.  This  is  40  feet  from  the  point  illus- 
trated in  Fig.  1 J.  The  beds  A,  B,  F,  G  consist  of  sandstone,  slaty 
sandstone,  sandstone  and  slate  respectively,  corresponding  to  the 
opposite  breast  of  the  works.  C  is  massive  quartz,  more  white  and 
less  auriferous  than  the  narrow  spurs  E  E,  with  their  interlacing 
quartz-veins.     T  is  the  dike. 

Fig.  17  representing  another  part  of  the  stopes  above  the  760-foot 
level,  shows  how,  in  this  mine,  the  quartz  of  the  spurs  follows  some- 
times the  planes  of  bedding,  sometimes  cross-fractures.  Close  exami- 
nation of  the  ground  is  usually  required  to  distinguish  the  bedding. 
The  broken  line  on  the  parting  between  beds  C  and  D  in  this  figure 
denotes  that  this  boundary  is  very  indistinct.  This  instance  ex- 
hibits again  the  behavior  of  the  spurs,  already  repeatedly  mentioned, 
in  "  following  "  the  slate,  while  cutting  across  the  sandstone.  (See, 
for  example,  spur  a,  b,  c.) 

Fiff.  18  shows  the  structure  of  the  breast  of  the  760-foot  level.  D 


THE    BENDIGO    GOLD-FIELD. 


699 


700  THE   BENDIGO   GOLD-FIELD. 

is  slate  wliich,  near  A,  is  black  and  broken.  A  is  a  quartz-vein 
separated  into  two  portions  by  the  strip  of  black  slate  E,  which  last 
carries  a  notable  amount  of  pyrites.  B  is  hard  sandstone.  G  and 
H  are  both  slate,  well  tuarked  by  cleavage  and  appearing  to  be  di- 
vided portions  of  the  same  bed.  C  is  a  channel  of  soft  country, 
streaked  with  quartz  and  underlying  the  dike  T ;  while  F  is  a 
vein  of  quartz,  and  O  is  sandstone.  It  will  be  noted  that  the  coun- 
try has  been  dislocated  and  that  the  lava  follows  the  line  of  the  fault- 
fracture,  which  is  also  indicated  by  the  soft  broken  country  marked 
C.  Fig.  19  shows  on  a  larger  scale  the  cross-hatchiug  of  quartz 
which  occurs  at  the  point  marked  K  in  Fig.  18. 

Previous  to  the  discovery  of  the  gold-bearing  character  of  this 
spur-forraation,  the  work  of  the  mine  was  confined  to  what  is  known 
as  the  "  Sheepshead  main  reef,"  a  large  lode  of  massive  quartz  which 
is  cut  by  the  760-foot  workings.  As  there  exposed,  it  is  from  12  to 
14  feet  wide,  conformable  with  the  bedding,  and  separated  from  the 
spur-formation  now  worked  by  30  feet  of  very  hard  sandstone.  This 
lode  of  quartz  does  not  extend  upward  so  far  as  the  660-foot,  nor 
down  so  far  as  the  820-foot  level,  but  was  worked  along  the  strike 
for  70  feet  north  and  169  feet  south  of  the  shaft.  It  is  uniformly 
poor. 

The  "  run  of  spurs"  is  worked  in  this  mine  for  a  width  of  20  to 
25  feet.  Its  extent  north  and  south  is  not  yet  known.  The  forma- 
tion is  subject  to  irregularities  of  several  kinds ;  but  occasionally  it 
has  a  well-defined  character,  that  of  a  series  of  quartz  seams  confined 
to  a  certain  narrow  belt  of  country.  The  number  and  size  of  the 
spurs  is  always  varying.  Sometimes  one  or  two  rich  spurs  pay  for 
the  removal  of  a  large  width  of  poor  rock;  sometimes  the  sandstone 
is  so  penetrated  by  a  ramification  of  veins  as  to  be  substantially  a 
quartz-lode.  Gold  is  often  visible,  especially  in  one  or  two  particu- 
lar spurs,  comparatively  narrow  (say,  2  to  3  inches),  which  maintain 
their  individuality  for  a  considerable  distance — 10  to  25  yards.  The 
ground  is  easily  broken,  but  requires  careful  filling  and  timbering. 
The  ore  as  sent  to  the  surface  looks  as  if  it  comprised  75  per  cent  of 
barren  slate  and  sandstone.  It  will  be  understood  that  careful  sort- 
ing is  out  of  the  question,  on  account  of  the  low  grade  of  the  quartz. 
A  representative  fortnightly  yield  is  559  oz.,  14  dwt.  of  gold  from 
641  tons.* 

*  Since  the  time  of  my  visit,  the  mine  has  continued  to  give  excellent  returns, 
and  is  to-day  the  premier  dividend-paying  property  in  this  gold-field.  It  w;v<  an 
abandoned  mine  at  one  time,  and  owes  its  present  position  to  the  enterprise  of  Mr. 
Geo.  Lansell. 
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The  Hercules  and  Energetic. 

In  my  first  paper  on  the  Bendigo  district,  reference  was  made  to 
a  quartz  formation  known  locally  under  the  generic  terra  of  "lode." 
Such  is  that  which  has  been  developed  in  the  Hercules  and  Ener- 
getic mines  at  Long  Gully.  The  "lode"  is  called  the  Victoria, 
from  the  mine  where  it  had  its  greatest  development ;  but  it  is 
really  a  portion  of  the  main  New  Chum  formation.  It  consists  of 
a  channel  of  more  or  less  shattered  country-rock,  threaded  by  quartz- 
veins,  some  of  which  traverse  it  irregularly,  while  others  are  parallel 
to  the  bounding  walls.  In  dip  and  strike  it  is  conformable  with 
the  enclosing  country.  It  may  therefore  be  pronounced,  in  the  first 
place,  a  "  bed-vein,"  as  distinguished  from  a  "  true  fissure ;"  but  it 
may  be  also  looked  upon  as  a  degenerated  "  leg"  of  a  saddle-formation, 
or  again,  as  an  exaggerated  "  leader."  Since  it  evidently  occupies  a 
line  of  movement,  it  can  be  called  a  fault  or  "slide,"  the  filling  of 
which  is  occasionally  auriferous.  In  this  mine  it  is  sometimes  called 
"  the  Victoria  back,"  which  means  simply  that  the  wall  continues 
when  the  accompanying  quartzose  and  other  material  has  "  pinched 
out."  In  any  case,  it  illustrates  very  forcibly  the  difficulty  of  apply- 
ing arbitrary  definitions,  and  the  absurdity  of  careless,  dogmatic 
labelling. 

The  "  back,"  that  is,  the  upper  and  best  defined  wall  of  the  lode, 
serves  as  the  main  guide  in  the  development  of  the  mine.  Besides 
the  lode  which  "  makes  up  against  it,"  there  are  in  its  neighborhood 
channels  of  cf)untry  which  carry  spurs.*  Sometimes  both  lode  and 
spurs  are  sufficiently  gold-bearing  to  warrant  exploitation,  sometimes 
the  lode  but  not  the  spurs,  or  vice  versa. 

Nearly  parallel  to  the  "  main  back,"  there  are  other  divisions  in 
the  country,  which  are  called  "  leaders."  These  are  simply  lines  of 
movement  in  sympathy  with  a  main  fault,  and  are  marked  by  small 
clay  seams.  They  tend  to  meet  the  main  lode  on  its  dip ;  and  at  the 
junctions  so  formed,  large  bodies  of  ore  have  been  found  and  profit- 
ably worked.  Bodies  of  quartz  as  much  as  40  feet  wide  have  been 
discovered  under  these  conditions,  bounded  to  the  west  by  the 
"■  back,"  but  breaking  into  spurs  towards  the  east.  These  spurs  cut 
through  the  so-called  "  leaders"  and  are  found  richest  at  the  inter- 
section. An  example  may  be  seen  in  Fig.  20,  where  A  A  indicates 
the  main  back,  and  B  is  a  large  body  of  quartz  breaking  eastward 

*  I  am  reminded  in  this  connection  of  a  remark  made  by  Mr.  Northcote,  the 
manager  of  the  180  mine,  to  the  effect  that  "backs  "  often  formed  the  boundaries  to 
the  goidbeuring  portion  of  an  ore-channel. 
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into  the  spurs  S  S,  while  C  C  are  the  '^  leaders."  The  spurs  are 
more  flat,  and  there  are  more  good  spurs  in  the  sandstone  than  in 
the  slate;  although  if  a  good  (i.e.,  a  highly  gold-bearing)  spur 
traverses  more  than  one  bed  of  the  country,  it  is  not  found  notably 
poorer  in  the  slate.  The  gold  is  coarsest  in  the  sandstone.  It  is 
also  noted  that  frequently  the  heaviest  gold  is  on  the  foot-wall  or 
lower  part  of  any  given  spur. 


HERCULES  AND  ENERGETIC 


At  the  600-foot  level,  the  "  Victoria  lode  "  consists  of  a  bed  of 
black  slaty  material,  containing  threads  of  quartz  which  carry  both 
coarse  and  fine  gold.  The  manager  informed  me  that  the  gold  in  the 
slate  was  more  flaky  than  that  found  in  the  quartz  of  the  sandstone 
which  was,  on  the  contrary,  granular.  In  this  part  of  the  mine  the 
lode  dips  about  70°  to  the  east,  and  strikes  20°  west  of  north,  which 
is  the  strike  of  the  New  Chum  Reef, 

At  the  1020-foot  level,  the  lode  has  a  remarkably  clean,  straight 
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hanging-wall.  A  sketch  made  in  this  level,  facing  south,  is  shown 
in  Fig.  21.  A  is  the  main  wall ;  B  is  black,  crushed  slaty  filling, 
containing  a  large  proportion  of  quartzose  matter;  C  is  sandstone, 
here  notably  nodular;  D  is  a  thin  slaty  parting  between  the  sand- 
stone C  and  the  bed  of  slate  E,  which  contains  a  network,  9  feet 
wide,  of  quartz-veins.     The  cleavage  is  indicated. 

Forty  feet  below  this  level,  or  at  1060  feet  below  the  surface,  the 
lode  is  faulted;  and  close  to  the  point  of  dislocation  there  was  found 
a  body  of  remarkably  rich  quartz,  of  which  46  tons  gave  an  average 
yield  of  46  J  oz.  per  ton,  producing  over  2000  oz.  of  gold.  The  Vic- 
torian Mining  Department  deputed  Mr.  E.  J.  Dunn,  F.  G.  S.,*  to 
examine  this  occurrence;  and  his  description  appeared  in  the  Quar- 
terly Mining  Report  of  March,  1890.  My  sketch.  Fig.  22,  differs 
but  little  from  his,  except  in  minor  details.  S  S  marks  the  line  of 
the  fault;  A  is  the  lode.  It  will  be  noted  that  the  throw  of  the 
fault  is  equal  to  the  width  of  the  lode.  The  line  of  the  fault  is 
marked  by  a  wall,  accompanied  with  black  graphitic  clay  of  vary- 
ing width,  while  the  country  included  within  the  limits  of  the  lode 
is  shattered  and  traversed  by  a  number  of  quartz-veins,  of  varying 
size  and  direction.  There  is  every  gradation  from  clean  black  slate 
to  clean  white  quartz.  The  broken  portions  of  included  country 
have  become  so  interpenetrated  by  minute  quartz-veins  that  it  is  im- 
possible to  say  where  the  quartz  begins  and  where  the  slate  ends. 
Locally  it  would  be  termed  an  extreme  case  of  a  "  mullocky  "  reef. 
The  cleavage  cuts  through  the  slaty  filling  of  the  lode. 

At  the  point  marked  with  a  cross,  in  a  space  8  feet  square,  there 
was  obtained  £9000  worth  of  gold.  When  I  saw  it,  the  ore  ex- 
hibited a  notable  absence  of  the  considerable  percentage  of  pyrites, 
usually  present  in  the  richer  ore-bodies  of  the  district;  but  I  was  in- 
formed that  at  the  time  of  working  the  "rich  patch"  there  was 
"  plenty  of  mnndic."t  The  gold  was  comparatively  fine,  the  amal- 
gam at  the  mill  yielding  one-third  when  retorted.  The  material  a 
few  feet  away  from  this  particular  rich  spot  was  valueless, although, 
as  the  manager  said,  somewhat  similar  in  appearance  to  that  which 
had  been  so  valuable. 

The  fault  here  observed  has  been  encountered  also  at  the  1120,- 

*  This  gentleman,  one  of  the  leading  colonial  geologists,  has  recently  been  en- 
gaged in  the  preparation  for  the  Victorian  Mining  Department,  of  a  monograph 
upon  the  Bendigo  gold-field,  wliioh  is  to  be  pulilislied  shortly. 

t  These  expressions  are  of  course  relative.  At  Bendigo,  2  per  cent,  of  pyrites 
is  deemed  a  large  amount.  The  concentrates  obtained  in  tlie  mills  average  1  per 
cent,  of  the  ore. 
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1220-  and  1320-foot  levels,  keeping  a  uniform  direction,  though  the 
width  of  broken  country  is  subject  to  much  variation,  owing  to  the 
varying  hardness  and  structure  of  the  beds  traversed.  Fig.  23  is  a 
sketch  of  the  fault  or  "slide,"  as  seen  in  the  west  drift  of  the  1220- 
foot  level.  It  has  there  a  width  of  4  feet,  and  consists  of  broken 
country,  mixed  with  quartz.  The  quartz  A  upon  the  under  wall  is 
10  inches  wide,  but  non-auriferous.  Stringers  and  irregular  lumps 
of  quartz  are  scattered  through  the  soft  black  crushed  slate  B.  There 
is  a  "dig"  or  mud-seam  C  upon  the  hanging-wall,  only  differing 
from  the  broken  slate  in  being  more  finely  comminuted.  The  cleav- 
age is  shown  in  the  figure. 

The  sketches  given  indicate  the  great  similarity  between  the  struc- 
ture of  the  fault  and  that  of  the  lode.  In  fact,  they  both  mark 
lines  of  improvement ;  but  the  latter  follows  the  bedding,  while  the 
former  crosses  it ;  one  is  a  cross-fissure  while  the  other  is  a  bed- vein. 
Economically,  they  present  the  important  difference  that  one  is  un- 
doubtedly more  auriferous  than  the  other. 

The  discovery  above  mentioned,  of  the  rich  ore-body  at  the  1060- 
foot  level  (which  was  almost  accidental,  having  been  made  in  con- 
necting a  winze  with  a  "rise,"  in  the  course  of  ordinary  working, 
rather  than  of  purposed  exploration),  shows  how  necessary  it  is  to 
prospect  the  mines  thoroughly,  and,  wherever  conditions  known  by 
experience  to  be  favorable  are  present,  to  cut  up  the  ground  carefully 
and  systematically. 

The  Confidence  Extended. 

This  mine  is  full  of  geological  puzzles,  most  of  which  are  too 
complicated  to  be  unravelled  without  detailed  surveys.*  In  Figs. 
24  and  25,  I  have  given  two  sketches  made  underground  at  the  980- 
foot  level.  In  Fig.  24,  A  is  sandstone  ;  B  is  slate,  having  a  well- 
defined  cleavage;  D  is  quartz;  C  is  sandstone.  At  first  sight,  this 
would  be  put  down  as  an  "  inverted  saddle,"  a  syncline  of  quartz; 
but,  on  further  study,  the  structure  proves  to  be  as  shown  in  the 
section.  Fig.  25,  where  H,  B,  and  K  are  beds  of  slate,  characterized  by 
marked  cleavage ;  C,  A,  and  L  are  sandstone,  and  the  irregular  de- 
posit on  the  left  of  E  E  is  quartz.  There  is  no  inverted  saddle.  On 
the  other  hand,  this  spot  illustrates  an  interesting  feature  of  the  sand- 
stone beds  of  the  district.     I  refer  to  the  nodular  structure  men- 


*  My  thanks  are  due  for  courtesy  shown  to  me  by  Mr.  Abrahams,  and  afterwards 
by  Mr.  Hall,  managers  of  the  mine. 
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tioned  already  iu  one  previous  instance,  which  is  often  attended  with 
the  deposition  of  quartz.  It  appears  to  me  that  A  is  a  nodule,  due 
to  the  segregation  of  purer  grains  of  sand  from  the  general  body  of 
the  sandstone  bed  C.  Movements  of  the  country  have  caused  frac- 
turing around  the  wedge  formed  between  the  nodule  A  and  the 
bed  ol"  slate  B ;  and  in  the  fractures  so  formed  the  quartz  has  been 
deposited. 

The  east  wall,  E  E,  is  clean  and  straight.  It  can  be  followed, 
unbroken,  throughout  the  workings  of  the  mine.  The  sandstone  A 
is  very  hard  and  fine-grained,  carrying  only  a  few  fine  threads  of 
quartz.  The  sandstone  C  is  coarser  grained  and  not  so  hard,  and  is 
traversed,  near  the  quartz  bodies  which  it  contains,  by  well-marked 
lines  of  cleavage,  which,  while  locally  distorted,  resume  their  nor- 
mal direction  a  little  lower  down.  The  quattz  is  very  heavily  min- 
eralized with  mundic,  and  carries  coarse  gold.  The  formation  pitches 
north.  6|  feet  in  33  feet. 

Fig.  26  was  also  sketched  in  this  mine.  It  represents  an  elemen- 
tary saddle  formation,  as  seen  in  the  1250-foot  level.  B  and  D  are 
beds  of  sandstone,  of  somewhat  similar  composition,  while  A  is  finer 
grained.  The  cleavage  is  indicated.  In  A  there  are  structure-lines, 
along  which  quartz  seams  have  been  formed.  These  lines,  a,  a,  are 
suggestive  of  bedding;  they  are,  in  fiict,  what  may  be  termed  ^'se- 
cret-bedding,'.' lines  of  lamination  marking  the  original  deposition 
of  the  material  forming  the  beds,  and  in  harmony  with  the  maiu 
lines  of  parting  or  stratification. 

Another  rudimentary  formation  is  seen  in  Fig.  32,  from  the  500- 
foot  level  of  the  same  mine.  In  this  case  we  have  the  beginnings  of 
an  "  inverted  saddle,"  or  syncline  of  quartz.  The  sandstone  A  is 
very  hard,  and  is  threaded  with  quartz.  Along  the  curve  of  the 
parting,  between  the  two  beds,  there  is  a  soft  layer  of  black  clay  or 
"  dig."     r>  D,  is  slate,  C  is  quartz. 

F^ig.  29  is  a  somewhat  similar  exhibit,  taken  from  the  Whip  and 
Jersey  mine,  at  the  700-foot  level.  Here,  also,  we  have  the  sugges- 
tion of  an  inverted-saddle  formation.  A  is  hard  sandstone,  C  is 
sandy  slate.  The  dip  is  shown.  There  is  crushed  quartz  and  broken 
country-rock  underneath  the  saddle. 

Miscellaneous  Notes. 

Several  of  the  mines  which  were  visited   and   examined  by  the 

writer,*  did  not  present  peculiar  features,  though  an  occasional  note 

*  The  writer  went  through   the  underground  workings  of  twenty-seven   of  the 

Bendigo  mines. 


I 


THE   BENDIQO  GOLD-FIELD. 


709 


■/■'■■■    ■'.y--}.rf 


l)>>^''  - 


.    .\      ■   h'M  If 


•:■:■:'■[. 


^''^ 


^  Q 

O         >  Z  UJ 

£E  ^  LlI        lil  f— 

'*-  -r  W  ;z;  Q  —  _: 

5  CC  CD  ^  Z  ^ 

W^U  <M  <  =)<^ 

UJ  <  <  ^ 

CO  o 


Ul  CM 

O  Q  CO 

Z  UJ  -a 

llJ  Q  C 

O 

■T  tJ 


O 

CO 


o  2 
o 


60 

ii. 


710  THE   BENDIGO    GOLD-FIELD. 

of  value  was  afforded.  Thus,  at  the  Fortuna  Hustlers,  one  of  the 
youugest  of  the  Beudigo  mines,  and  situated  in  the  heart  of  the  city, 
was  obtained  the  observation  represented  in  Fig.  28.  The  sketch 
represents  the  west  kg  of  the  saddle,  which  is  part  of  the  main 
Hustler's  formation.  C  is  slaty  sandstone,  which  forms  the  clean 
hanging- wall  of!  the  reef;  B  is  slate,  A  is  quartz,  D  is  the  very  hard 
sandstone  of  the  foot- wall.  The  cross-cut  clearly  shows  the  forma- 
tion (see  Fig.  £7).  The  saddle  pitches  south  ;  the  two  legs,  A  and 
C,  are  only  18  feet  apart;  and  the  bedding  on  the  two  sides  is  seen 
to  correspond.  The  cleavage  is  easterly  above  the  west,  and  westerly 
above  the  east  leg.  Center-country  is  hard  sandstone.  It  is  a  sam- 
ple type  of  the  Bendigo  saddle.  The  shaft  was  sunk,  and  the  gold- 
bearing  reef  was  discovered,  on  inferences  drawn  from  the  informa- 
tion given  by  a  railway  cutting. 

Figs.  30  and  31  illustrate  the  behavior  of  quartz-veins  which  cut 
across  country.  Fig.  30  is  from  the  siiaft  of  the  Confidence  Ex- 
tended. A  is  sandstone,  B  is  slate.  The  fracture,  in  which  the 
quartz  was  afterwards  deposited,  could  take  })lace  as  easily  across  the 
even-grained  and  structureless  sandstone  as  in  any  other  direction, 
but,  when  it  entered  the  slate,  the  line  of  least  resistance  was  found 
to  be  with,  rather  than  across,  the  cleavage.  In  Fig.  31,  from  the 
Garden  Gully  United,  the  same  behavior  is  shown,  though  in  a 
somewhat  different  way. 

Figs.  33,  34,  and  35,  are  throe  surface-sections,  taken  from  a  large 
open  cut  behind  the  Victoria  Quartz  mine.  The  different  beds  of 
slate  and  sandstone  are  indicated.  In  Fig.  33  it  is  seen  how  quartz 
has  been  deposited  along  joint- fractures  in  the  sandstone.  Both 
Figs.  33  and  34  illustrate  the  behavior  characteristic  of  the  small 
quartz- veins  of  the  district.  In  Fig.  35,  A  A  is  a  quartz-vein  hav- 
ing a  vein  within  itself,  and  presenting  a  sort  of  banded  structure, 
which  indicates  that  it  underwent  fracturing  after  the  deposition  of 
the  first  quartz. 

Conclusion. 

The  above  notes,  scattered  among  the  several  mines  of  one  mining 
district,  indicate  the  infinite  variety  of  ore-deposition.  Perplexing 
as  such  differences  of  lode-formation  may  appear,  and  contradictory 
as  some  of  the  modes  of  gold-occurrence  may  seem,  there  is  no  doubt 
that  they  can  be  shown  to  be  the  harmonious  effects  brought  about 
by  the  same  set  of  causes,  and  due,  in  their  variety,  to  the  varying 
structural  conditions  and  relations  of  the  beds  of  slate  and  sand- 
stone in  which  they  are  found. 
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Note. — Since  the  publication  of  tuy  paper  on  ^'  The  Bendigo 
Gold-field"  {Trans,  xx.,  463),  I  have  received  from  Mr.  E.  J. 
Dunn,  F.  G.  S.,  of  the  Victorian  Geological  Survey,  a  letter  ex- 
pressing his  feeling  that  I  did  not,  in  that  paper,  make  it  suflBciently 
clear  that  I  was  indebted  to  him  for  extremely  valuable  information 
concerning  the  geology  of  that  district.  In  reply  to  a  letter  of  some- 
what similar  tenor  from  Mr.  Dunn,*  the  Secretary  of  the  Institute 
has  printed  [Trans.,  xx.,  772)  an  explanation,  in  which  he  assumes 
a  greater  share  of  responsibility  than  the  facts  require,  and  to  which, 
in  justice  to  Mr.  Dunn  as  well  as  to  myself,  I  desire  to  add  a  few 
words. 

My  examination  of  the  district  was  made  by  myself  alone,  and 
was  more  than  half  completed  before  I  met  Mr.  Dunn  or  saw  any 
of  his  published  notes.  Mr.  Dunn  had  discovered  before  me  the 
anticlinal  character  of  the  Bendigo  reefs ;  but  I  did  not  know  this 
when  I  determined  by  personal  examination  the  same  fact,  and  in 
my  subsequent  conversation  with  him  I  was  indebted  to  him  for 
some  valuable  facts  and  suggestions,  but  not  for  the  general  expla- 
nation, at  which  I  had  arrived  independently. 

My  papers  in  the  Transactions  of  the  Institute  attest  the  care  I 
take  in  endeavoring  to  make  full  acknowledgment  of  information 
received  from  others.  Such  an  acknowledgment  I  intended  to  ex- 
press in  Mr.  Dunn's  case  by  according  to  him  {Trans.,  xx.,  526)  the 
credit  of  having  published,  in  1888,  before  I  ever  studied  the  Ben- 
digo district,  the  true  theory  of  the  structural  relations  of  the  ore- 
bearing  "saddles."  If  I  did  not  say  more,  it  was  because  I  con- 
sidered Mr.  Dunn  a  geologist  of  such  reputation  and  standing  that 
further  acknowledgment  would  have  been  out  of  place. 

I  wrote  to  Mr.  Dunn,  expressing  my  surprise  and  regret  at  his 
action,  and  explaining  my  position  in  the  matter.  He  wrote  in 
reply,  acknowledging  that  his  complaint  was  made  on  the  spur  of 
the  moment ;  and  more  recently  I  have  received  a  letter  from  him, 
cancelling  his  complaint,  and  assnring  me  that  he  is  fully  convinced 
that  I  did  not  intend  to  do  an  injustice  to  him,  or  to  assume  for 
myself  credit  which  belonged  to  another. 

So  far  as  the  scientific  aspects  of  the  matter  are  concerned,  the  fact 
that  my  examination  independently  established  the  same  result  is 

*  The  Secretary  has  since  received  a  letter  from  Mr.  Dunn  acknowledging  the 
explanations  personally  received  from  Mr.  Eickard,  and  witlidrawing  his  original 
complaint. — R.  W.  R. 
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not  without  value  as  a  confirmation  of  his  previously-announced 
view. 

Finally,  I  wish  to  express  my  conviction  that  Mr.  Dunn's  protest 
on  the  subject  was  prompted,  not  by  personal  feeling,  but  by  his 
sense  of  the  duty  of  guarding  the  credit  of  the  Victorian  Geological 
Survey,  on  which  he  is  engaged.  I  fully  appreciate  this  honorable 
€$p7-it  de  corps,  and  also  the  great  importance  of  vindicating  for  such 
branches  of  the  public  service  their  claims  to  all  discoveries  of  direct 
practical  benefit. 

In  addition  to  this  general  reason  for  desiring  to  give  due  credit 
to  a  government  survey,  I  am  personally  indebted  to  the  officers  and 
members  of  the  Victorian  Geological  Survey  for  numerous  courtesies 
during  my  stay  in  Australia. 


AN  OCGVBBENCE  OF  GO  A  BSE  CONOLOMEBATE  ABOVE 
THE  MAMMOTH  ANTHBACITE-BED. 

BY  BENJAMIN  SMITH  LYJIAN,  PHILADELPHIA,  PA. 

(Schuylkill  Valley  Meeting,  Reading,  October,  1892.) 

It  is  a  time-honored  saying  in  the  anthracite  region  that  "  under 
the  conglomerate  there  is  no  coal  ;"  and  the  adage  is  generally 
reckoned  a  sure  guide  in  coal-exploration.  Yet  there  are  many 
places  where  conglomerate,  even  coarse  conglomerate,  occurs  above 
important  coal  beds,  and,  among  others,  above  the  great  Mammoth 
bed.  One  of  the  most  striking  of  such  occurrences  is  on  the  Shippen 
and  Wetherill  tract,  half  a  dozen  miles  west  of  Tamaqua;  and  it 
illustrates  remarkably  the  disastrous  effect  of  a  too  unquestioning 
blind  confidence  in  the  sweeping  literal  truth  of  a  broad  generaliza- 
tion. 

Here  there  is  a  conspicuous  crag  formed  by  a  twenty-foot  bed  of 
egg-conglomerate,  dipping  60  degrees  southerly,  and  jutting  out 
boldly  at  the  western  end  of  a  hill,  where  it  is  cut  through  by  the 
small  stream  of  Little  Creek.  The  hill  runs  eastward  for  half  a 
mile,  with  occasional  exposures  of  pebbly  rock  along  the  western  half 
of  the  crest.  Eastward  from  the  exposures  lies  the  old  Kentucky 
Bank  mine,  abandoned  thirty  years  ago,  where  the  Mammoth  bed 
was  worked  down  to  water-level  through  a  space  of  a  mile  and  a 
quarter  westward  from  the  Palmer  tunnel  to  the  very  edge  of  the 
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Shipper!  and  Wetherill  tract,  apparently  just  below -where  the  east- 
ern prolongation  of  the  same  conglomerate  should  be,  though,  in  fact, 
it  is  not  exposed.  Indeed,  in  the  Palmer  tunnel  itself,  its  place  is 
recorded  in  Rogers's  Final  State  Geological  Report  of  1858,  vol  ii., 
p.  lO'i,  as  filled  by  "  hard  pebbly  rock." 

Many,  however,  doubted  whether  the  Mammoth  could  continue 
undisturbed  westward  under  the  egg-conglomerate  crags.  It  was 
believed  by  many  that  there  must  be  a  great  fault  that  had  brought 
up  the  coarse  Pottsville  conglomerate  of  the  bottom  of  the  produc- 
tive coal-measures,  and  had  cut  off  all  southern  extension  of  the 
Mammoth  ;  and  that  even  the  Buck  Mountain  bed  and  its  compan- 
ions, that  should  overlie  that  conglomerate,  had  been  reduced  in 
thickness  to  the  insignificant  beds  that  were  found  there. 

A  few  were  more  hopeful,  and  tried  to  prove  the  continued  exist- 
ence of  the  Mammoth  by  actual  opening.  About  five  years  ago,  it 
is  said,  two  brothers,  who  owned  a  farm,  spent  their  whole  substance 
vainly  in  persistent  efforts  with  trial-shafts  and  drifts  to  open  the 
Mammoth  bed,  just  north  of  the  westernmost  egg-conglomerate  crag, 
and  some  25  feet  geologically  below  it.  Their  best  success  was 
to  find  a  seam  of  coal  there,  which  they  took  to  be  the  Mammoth,  and 
upon  which  they  drifted  eastward  for  more  than  eighty  yards ;  but 
it  was  only  20  inches  thick,  swelling  up  in  places  to  30  inches. 
Had  they  dug  only  ten  feet  higher  in  the  measures,  they  would 
have  found  the  Mammoth  bed  with  a  thickness  of  about  18  feet, 
with  15  feet  7  inches  of  coal,  where  it  was  opened  last  week. 

Two  or  three  years  after  their  failure,  an  unsuccessful  attempt  was 
made  by  others,  at  an  expense  of  four  or  five  thousand  dollars,  they 
say,  to  find  the  Mammoth  by  boring  with  a  diamond-drill,  200 
yards  southward  from  the  egg-conglomerate  crag.  After  boring 
through  two  or  three  coal  beds  of  trifling  thickness,  a  great  mass  of 
conglomerate,  and  at  length  a  few  feet  of  sandstone,  the  hole  was 
abandoned  in  despair  at  the  depth  of  470  feet.  A  comparison  of  the 
drill  section  with  that  of  the  Palmer  tunnel  shows  that  less  than  30 
feet  more  would  have  reached  the  top  of  the  Mammoth  bed.  The 
upper  beds  are,  it  is  true,  remarkably  reduced  in  thickness;  but  they 
are  in  their  appropriate  places,  and  have  now  recently  been  proved 
of  like  small  thickness,  with  quite  consistent  dips,  by  trial-shafts  on 
the  outcrop. 

Indeed  the  geological  structure  has  been  fully  demonstrated  to  be 
essentially  what  the  State  Geological  Survey  map  (Mine-Sheet  V.), 
published  two  or  three  years  ago,  showed  it  to  be,  in  the  face  of  the 
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conflicting  opinions  then  rife.  The  crag  in  question  is  on  the  north 
side  of  a  basin  that  is  bounded  on  the  south  by  the  Mine  Hill 
anticlinal,  rapidly  sinking  to  the  east.  The  mere  topography  shows 
that  the  conglomerate-beds  above  the  Mammoth  extend  350  yards 
westward  from  the  crag,  though  less  prominent  there ;  then  bend 
round,  in  shape  like  the  end  of  a  spoon,  forming  the  divide  between 
Little  Creek  and  Big  Creek ;  then  pass  eastward  again,  making  a 
decided  ridge  with  low  cliffs ;  and  soon  again  bend  southward,  and 
even  westward,  round  the  Mine  Hill  anticlinal  to  the  neighborhood 
of  the  old  Potts  and  Sillyman  slopes,  just  north  of  Patterson.  On 
the  Locust  Valley  road  up  the  hill,  past  tlie  old  Mammoth  working 
of  those  mines,  there  are  ample  exposures  of  the  conglomerate-beds 
in  question ;  only  the  pebbles  are  smaller  than  at  the  crag,  though 
in  part  as  large  as  walnuts.  Nowhere  is  there  anything  whatever 
to  indicate  the  existence  of  any  such  great  fault  as  was  imagined  to 
account  for  the  egg-conglomerate  of  the  crag. 

This  is  a  case  in  which  the  needless  resort  to  a  fault  to  account  for 
appearances,  as  if  a  fault  were  the  commonest  and  easiest  thing  in 
the  world,  has  led  to  heavy  pecuniary  loss.  For,  as  the  fault  ex- 
plained so  readily  the  repeated  failure  to  work  out  the  geology  of  the 
tract,  it  very  naturally  led  to  a  general  belief  among  the  (not  too 
geological)  business  community  that  the  tract  contained  but  a  small 
fraction  of  the  coal  now  proved  really  to  exist  there ;  and  conse- 
quently no  capitalist  could  be  found  willing  to  purchase  it,  even  at  a 
very  low  price. 

There  are  numerous  other  places  where  coarse  conglomerate  is 
found  within  a  short  distance  above  the  Mammoth  bed.  Conspicu- 
ous among  them  is  the  Silver  Creek  district,  only  four  miles  west  of 
the  Shippen  and  Wetherill  tract.  Kogers's  Final  Report,  1858, 
vol.  ii.,  p.  228,  speaks  of  "  the  egg-  and  nut-conglomerate  which 
overlies  "  what  is  now  known  to  be  the  Mammoth  bed.  See  also  his 
Silver  Creek  section  on  Plate  1  of  vol.  ii.  The  assistants  of  the 
first  Geological  Survey  were  at  first  much  puzzled  by  the  conglo- 
merate thereabouts,  as  they  were  then  tyros;  and  tliey  too  devised 
faults  to  explain  the  observed  facts ;  but  later,  with  increased  experi- 
ence, they  understood  better.  Rogers,  further  on  (p.  229),  speaks 
of  the  corresponding  rock  beds  on  Mill  creek  as  "coarse  pebbly 
sandstone." 

On  the  Riehle  tract,  next  west  of  Morea,  there  is  exposed  a  great 
ledge  of  coarse  conglomerate,  overlying  the  Mammoth  bed,  which 
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was  formerly  opened  some  20  feet  thick  at  not  many  yards  dis- 
tance. 

At  the  Otto  colliery,  near  Branchdale,  the  occurrence  of  an  ex- 
tremely coarse  conglomerate  between  two  splits  of  the  Mammoth 
bed  gave  rise  to  much  controversy  as  to  the  identity  of  the  beds ;  and 
the  question  was  only  settled  by  actual  mining. 

Many  other  cases  of  conglomerate  over  the  Mammoth  may  be  seen 
marked  on  Sheets  IV.,  V.,  VI.,  IX.,  and  X.,  of  the  State  Geo- 
logical Survey's  Atlas  of  the  Southern  Anthracite  Coal-Field,  as 
follow : 

At  Kaska  William  colliery,  between  the  middle  (or  "  upper  ") 
and  lower  splits  of  the  Mammoth  "conglomerate."  Sh.  IV.,  Sect. 
15. 

At  St.  Clair  shaft,  over  the  Seven-Foot  (or  top  split  of  the  Mam- 
moth) "  conglomerate."  Sh.  V.,  Sect.  7. 

At  Thomaston  colliery,  over  the  Daniel  bed  (or  lower  split  of  the 
Mammoth),  in  the  water-level  tunnel,  much  "conglomerate,"  and 
"  hard  conglomerate."  Sh.  VI.,  Sect.  6.  Also  at  the  jfirst  lift,  much 
"  conglomerate."    Sh.  VI.,  Sect.  9. 

At  the  Oakdale  colliery,  over  the  same  bed,  at  shaft-level,  much 
"conglomerate."    Sh.  VI.,  Sect.  10. 

At  Payne's  colliery,  over  the  same  bed,  much  "conglomerate." 
Sh.  VI.,  Sect.  13. 

At  Richardson's  colliery,  over  the  same  bed,  a  little  "conglom- 
erate."  Sh.  VI.,  Sect.  14. 

At  Greenwood  tunnel,  over  the  same  bed,  "  very  hard  conglom- 
erate."  Sh.  VI.,  Sect.  17. 

At  South  Pine  colliery  (near  the  Otto),  over  the  top  split  of  the 
Mammoth,  "  conglomerate,"  24J  feet.   Sh.  X.,  Sect.  2. 

At  the  Middle  Creek  colliery,  over  the  same  bed,  "  conglomerate." 
Sh.  X.,  Sect.  3. 

At  theColket  colliery,  over  the  Four- Foot  bed  (or  top  split  of  the 
Mammoth),  "  fine  conglomerate."  Sh.  X.,  Sect.  6. 

At  the  East  Franklin  colliery,  over  the  Mammoth,  "  conglom- 
erate."   Sh.  X.,  Sects.  9  and '10. 

Also,  at  the  same  colliery,  over  the  Blackheath  (or  Holmes)  bed, 
"coarse  conglomerate,"  18  feet,  and  "fine  conglomerate,"  19  feet. 
Sh.  X.,  Sect.  9. 

At  the  Good  Spring  colliery,  over  the  same  bed,  "  coarse  conglom- 
erate," 7  feet.   Sh.  X.,  Sect.  9. 

These  instances,  from  the  southern  field  alone,  are  enough  to  show 
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that  it  is  by  no  means  a  rare  exception  for  the  sand-rock  above  the 
Mammoth  to  become  pebbly,  and  even  to  be  a  coarse  or  extremely 
coarse  conglomerate. 

It  would  be  interesting  to  inquire  what  might  have  been  the  cause 
of  the  laying  down  of  beds  of  such  coarse  material,  that  must  have 
been  moved  by  violent  currents  during  comparatively  short  intervals, 
in  the  midst  of  the  generally  very  quiet  deposition  of  the  Coal- 
measures.  It  is,  however,  imaginable,  that  the  temporary  obstruc- 
tion of  a  sea-channel  in  one  direction  might  cause  a  very  rapid  cur- 
rent in  some  other  direction  ;  or,  the  current  might  arise  from  the 
removal  of  some  obstruction.  It  would  not  be  necessary  that  the 
obstruction,  or  its  removal,  should  occur  through  any  especially  vio- 
lent earth  movements.  A  channel  might,  by  degrees,  become  ob- 
structed with  silt  or  sand,  or  another  might,  by  gradual  denudation, 
become  sufficiently  opened  for  the  passage  of  currents  that  would 
rapidly  enlarge  it. 

In  any  case,  the  causes  of  the  coarse  conglomerates  would  seem  to 
have  had  no  influence  upon  the  thickness  of  the  coal  beds  a  few  yards 
beneath,  as  is  amply  seen  in  the  cases  just  described  ;  and  none  upon 
beds  equally  near  above,  as  is  shown  by  the  good  thickness  of  the 
Buck  Mountain  coal  bed,  one  of  the  thickest  anthracite  coal  beds, 
though  close  over  the  Pottsville  conglomerate ;  the  variable  thickness 
of  the  coal  not  seeming  to  correspond  in  the  least  with  the  coarseness 
or  fineness  of  the  pebbles. 
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BY  W.  C.  COFFIN,  PITTSBURGH,  PA. 

(Schuylkill  Valley  Meeting,  Reading,  October,  1892.) 

Fire-brick  stoves  have  become  a  necessary  part  of  the  modern 
coke  blust-furnace  equipment,  and  are  also  superseding  the  cast-iron 
pipe  stoves  in  anthracite-  and  charcoal-furnaces. 

The  brick  stoves  in  general  use  are  of  either  the  Cowper  or  ^y  hit- 
well  type,  or  modifications  of  these  bearing  the  names  of  those  who 
invented  the  alterations  from  the  original  types  rather  than  any  real 
departure  from  them.  All  these  stoves  have  approximately  the  same 
valve-equipment  and  follow  the  same  line  of  operation.  The  waste 
gas  from  the  furnace  enters  at  one  port  and  burns  in  a  single  com- 
bustion-chamber, and  the  heated  products  are  drawn  through  the 
various  passes  in  the  brickwork  to  a  stack  of  proper  height  to  create 
the  necessary  draught.  The  last  passes  of  these  stoves  receive  a  very 
small  percentage  of  the  heat  from  the  gas,  owing  to  their  extreme 
distance  from  the  combustion-chamber  ;  and  this  chamber  also  suf- 
fers great  deterioration  in  the  attempt  to  force  the  heat  into  the  far- 
thest passes.  At  best,  about  70  per  cent,  of  the  heat  taken  up  is  held 
in  the  combustion-chamber  and  the  first  down-pass  of  the  Whitwell 
stoves. 

Mr.  Hugh  Kennedy,  Manager  of  the  Isabella  Furnaces,  Pitts- 
burgh, Pa.,  who  has  had  a  large  experience  with  the  fire-brick  hot- 
blast  stoves,  was  .so  strongly  impressed  with  the  fact  that  but  about 
thirty  per  cent  of  the  brick  of  the  average  stove  were  doing  proper 
duty  as  heat-agents,  that,  after  careful  study  and  experiment,  he 
had  three  20-  by  60-feet  stoves  constructed  with  a  view  of  more  uni- 
formly heating  all  the  brick.  In  these  the  general  lines  of  the 
Whitwell  stove  are  followed,  with  the  blast-connections  unaltered, 
but  gas  is  introduced  at  the  bottom  of  each  pass,  and  outlets  are 
provided  at  the  top,  so  that  the  gases  have  a  direct  natural  draught 
in  each  pass  and  the  highest  heats  are  obtained  at  the  bottom  instead 
of  the  top.  The  natural  tendency  being  toward  the  reverse  condi- 
tion, the  brickwork  soon   acquires  an  almost  uniform  temperature. 
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Figs  1  to  4  sufficiently  show  the  construction.  These  stoves  have 
been  in  constant  use  for  about  two  years  and  are  giving  very  satis- 
factory results.  The  \yarwick  Iron  Company,  of  Pottstown,  Pa., 
has  just  put  in  operation  three  stoves  of  this  type  and  of  the  same 
dimensions  as  those  at  Isabella.  Plants  are  being  built  at  other 
points  also.  The  best  practical  demonstration  of  their  merits  is  a 
careful  inspection  and  study  of  their  operation. 

It  is  found  that  this  stove  can  be  kept  remarkably  free  from  dust 
and  slag,  these  being  precipitated  on  the  floor  by  the  sudden  expan- 
sion of  the  gas  in  the  low  chambers. 

Moreover,  the  high  heats  that  often  melt  the  bricks  in  single  com- 
bustion-chambers are  unnecessary  here  on  account  of  the  natural 
draught  and  the  short  passage  of  the  gas. 

There  is  little  that  is  new  in  the  idea.  Direct  draught  was  at- 
tempted and  abandoned  in  the  early  days  of  the  stoves,  never  hav- 
ing been  properly  directed. 

Mr.  Weiraer  patented  a  stove  with  one  vertical  pass,  or  rather  a 
series  of  passes  directly  over  each  other  ;  but  in  the  attempt  to  supply 
air  at  points  above  the  gas-supply,  the  draught  necessary  for  com- 
bustion was  impaired. 

Mr.  Scovel  introduced  secondary  burners  in  the  third  pass  of  the 
Whilwell  stoves,  but  these  also  stopped  the  draught  of  the  main 
burner. 

To  Mr.  Kennedy  we  probably  owe  the  first  practical  application 
of  direct  draught  in  burning  the  gas,  with  the  consequent  advantage 
of  better  control  of  the  operation  of  the  stove. 

Discussion". 

Edgar  S.  Cook,  Pottstown,  Pa. :  I  have  felt  some  hesitancy  in 
saying  anything  about  the  Hugh  Kennedy  stove,  because  we  have 
only  had  it  in  operation  for  ten  days, — that  is,  our  furnace  has  only 
been  in  blast  since  last  Thursday  evening.  But  I  will  take  this 
occasion  to  reply  to  certain  questions  which  have  been  put  to  me  at 
different  times, — some  of  them  expressing  surprise  that  the  Warwick 
Iron  Company  had  adopted  brick  stoves. 

For  some  years  past  the  Warwick  furnace  has  been  regarded  as 
one  of  the  few  strongholds  of  iron  stoves.  At  the  Philadelphia 
meeting  of  the  Institute,  1881,  a  paper  was  presented  by  Mr.  F.  W. 
Gordon,*  then  a  member  of  the  firm  of  Witherow   &  Gordon,  in 

*  Trans  ,  ix.,  480. 
VOL.  XXI. — 46 


722 


THE    HUGH    KENNEDY    HOT-BLAST   STOVE. 


Fig.  1. 


Fig.  2. 
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which  the  value  of  fire-brick  stoves  was  forcibly  argued.  The  claims 
he  advanced  were  considered  extravagant  by  many,  and  led  to  a 
lengthy  discussion  in  the  Iron  Age. 

As  manager  of  the  Warwick  Iron  Company,  I  offered  at  that  time 
to  contract  for  a  set  of  brick  stoves  if  Witherow  &  Gordon  would 
guarantee  that  the  product  of  our  furnace  would  be  increased  70  per 
cent,  as  claimed  in  the  paper  of  Mr.  Gordon.  My  proposition  was 
not  accepted.  Not  long  afterwards,  the  product  of  the  furnace  did 
show  an  increase  of  70  per  cent,  without  the  help  of  brick  stoves  or 
any  other  changes  than  the  substitution  of  larger  iron  stoves  of  the 
Durham  pattern,  for  the  small  stoves  with  which  the  furnace  was 
originally  equipped.  As  events  proved,  the  proposition  made  to 
Witherow  &  Gordon  was  a  safe  one  for  them  to  accept;  and  had  it 
been  accepted,  the  brick  stoves  would  have  received  all  the  credit  for 
the  largely  increased  product. 

Previous  to  the  erection  of  the  Durham  stoves  a  careful  investiga- 
tion was  made  as  to  the  advantages  of  brick  stoves.  At  that  time 
the  results  did  not  seem  in  our  judgment  to  justify  the  increased  ex- 
penditure. The  economy  of  our  work  compared  favorably  with 
that  of  any  anthracite-furnace  operated  with  brick  stoves,  and  we 
decided  to  await  further  improvements  in  the  design  and  construction 
of  brick  stoves  and  reduction  of  their  cost.  It  was  probably  for 
these  reasons  that  the  Warwick  furnace  became  identified  with  the 
iron  stove  as  opposed  to  the  brick  stove  practice. 

Last  fall  we  began  to  consider  the  repairs  of  the  furnace  which  we 
proposed  making  in  the  following  summer.  As  the  Durham  stoves 
had  been  in  constant  use  for  nearly  seven  years,  and  had  assisted  in 
the  making  of  about  220,000  tons  of  iron,  without  the  loss  of  a  single 
pipe  or  any  expense  for  repairs,  we  concluded  that,  on  the  termina- 
tion of  the  blast,  these  stoves  would  call  for  a  large  expenditure — 
practically,  would  have  to  be  rebuilt.  The  question  thus  presented 
itself,  whether  we  should  spend  $7000  or  $8000  in  renewing  our  iron 
stoves,  or  apply  this  amount  toward  the  construction  of  a  plant  of 
brick  stoves.  After  careful  consideration  we  finally  decided  to  erect 
brick  stoves.  The  most  difficult  step  was  to  determine  the  type  of 
stove  and  the  dimensions  best  suited  to  our  work.  All  the  various 
styles  in  use  have  their  ardent  advocates,  and  all,  when  well  con- 
structed, doubtless  do  good  work.  With  few  exceptions,  all  our 
leading  furnace-engineers  are  identified  with  one  form  or  another  of 
the  various  stoves  in  general  use.  I  started  upon  the  investigation 
entirely  unprejudiced,  and  called  to  my  aid,  as  consulting  engineer. 
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our  president,  Mr.  Birkinbine,  who  was  equally  unbiased.  We 
decided  to  select  stoves  that  would  offer  the  following  advantages: 

1.  Equally  good  results  in  heating  up  to  1400°  F.  15,000  cubic 
feet,  or  larger  quantities  (up  to  22,000  cubic  feet)  of  air  per  minute. 
We  are  now  using  f  anthracite  and  J  coke,  but  we  wished  to  pro- 
vide for  the  possible  contingency  of  our  using  all  coke,  thus  per- 
mitting the  employment  of  the  larger  volume  of  air. 

2    Durability,  and  the  least  possible  cost  for  repairs. 

3.  A  minimum  reduction  of  temperature  after  one  hour's  blowing. 

4.  Facility  of  quickly  controlling  temperatures,  with  fairly  eco- 
nomical results  as  respects  consumption  of  gas. 

In  the  course  of  our  investigation,  which  embraced  a  personal 
inspection  of  100  stoves  in  use,  we  found  many  giving  excellent  re- 
sults, particularly  a  modification  of  the  Whitwell  stove,  designed  by 
Mr.  Charles  H.  Foote,  superintendent  of  the  blast-furnace  depart- 
ment of  the  Illinois  Steel  Company,  and  in  use  at  their  Union  fur- 
naces. But,  as  the  final  result,  we  agreed  that  the  Hugh  Kennedy 
pattern  more  nearly  fulfilled  our  conditions  than  any  of  the  others, 
although  we  recognized  the  risk  of  adopting  a  stove  that  had  been 
but  a  comparatively  short  time  in  operation,  and  had  not  been  tested 
by  years  of  practical  working.  In  this  decision,  the  element  of  first 
cost  was  not  deemed  the  most  important.  We  sought  first,  to  find 
the  stove  which,  in  our  judgment,  best  suited  our  conditions,  and 
afterwards  we  took  into  consideration  the  comparative  cost  of  con- 
struction. 

We  have  erected  three  Hugh  Kennedy  stoves,  each  20  feet  in 
diameter  and  60  feet  high.  The  furnace  was  lighted  Thursday  after- 
noon, September  29th,  and  has  been  in  operation  scarcely  two  weeks. 
Of  course,  I  can  say  no  more  at  this  time,  only  that  so  far,  the  stoves 
seem,  in  several  respects,  to  meet  our  expectations.  Even  with  com-  I 
paratively  inexperienced  stove-tenders,  they  appear  to  be  easily  con- 
trolled; and  the  consumption  of  gas  is  economical.  We  are  now 
blowing  15,000  cubic  feet  of  air  per  minute,  engine-measurement,  and 
with  tliis  volume  the  stoves  show  a  drop  after  an  hour's  blow  of  from 
0°  to  30°.  Each  stove  is  on  gas  two  hours,  and  on  blast  one.  We 
frequently  take  a  stove  off  showing  the  same  temperature  of  blast, 
after  blowing  an  hour,  as  when  it  was  put  on.  The  difference  sel- 
dom exceeds  30°,  and  is  generally  about  20°."  We  have  not  at- 
tempted, as  yet,  to  run  the  stoves  above  1200°.  We  use  the  portable 
pyrometer,  correcting  it  by  means  of  the  Siemens  copper-ball  py- 
rometer, and  have  reason  to  believe  that  the  readings  of  tempera- 
ture are  approximately  correct. 
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Our  record  of  the  first  ten  clays,  as  compared  with  the  first  ten 
days  of  the  blast  with  iron  stoves,  shows  that  the  output  is  some- 
what greater.  But  I  should  add,  that  the  heats  on  the  furnace  are 
less  than  on  the  stove.  We  use  a  cold  blast  by-pass.  Yesterday,  it 
was  888°.  We  are  not  running  up  to  the  capacity  of  the  stoves  ; 
so,  if  there  is  any  marked  improvement  up  to  this  time,  it  is  not  due 
to  higher  blast- heats  furnished  by  the  brick  stoves,  except  that  on 
one  or  two  occasions  we  have  had  reason  to  call  for  blast-tempera- 
ture of  1000°  for  an  hour  or  two. 

Several  gentlemen  have  asked  me  what  is  the  temperature  of  the 
waste  gases  from  the  stoves.  So  far,  we  have  had  a  large  surplus  of 
heat,  and  steam  roaring  off  at  our  safety  valve,  so  that  it  has  not 
been  a  matter  of  much  concern  to  me  to  know  exactly  what  the  tem- 
perature of  the  escaping  gas  may  be.  When  we  are  short  of  steam 
I  shall  probably  investigate  that  subject. 

W.  H.  Morris,  Pottstown,  Pa. :  With  a  stove  having  only  one 
pass  when  on  gas,  the  gas  must  go  ofif  hotter  at  the  top  than  it  would 
in  a  two-pass  stove.  It  has  not  the  same  opportunity  of  giving  off 
its  heat.  I  think  that  Mr.  Cook  is  exceedingly  well  supplied  with 
boiler-capacity.  He  always  succeeds  in  making  a  good  deal  of 
noise  about  his  furnace,  showing  that  he  is  making  a  good  deal  of 
steam ;  and  the  abundant  appointments  of  his  plant  may  account  for 
his  better  results.  We  have  at  the  Pottstown  Iron  Co.  the  Cowper- 
Kennedy  stove,  which  was  put  in  two  years  ago.  It  seems  out  of 
place  for  me  to  make  any  remarks  on  these  stoves  in  the  presence  of 
Mr.  Gayley  who  has  had  so  much  more  experience  with  them ;  but 
I  will  say  that  we  have  no  trouble  from  the  accumulation  of  dust 
or  dirt  on  top  of  the  stove,  which  I  think  has  been  one  of  the  diffi- 
culties of  brick  stoves.  There  is  no  melting  of  brick,  or  anything 
of  that  kind. 

There  is  one  important  difficulty  in  the  iron  stove  that  should  not 
be  overlooked,  namely,  that  of  keeping  a  back-pressure  in  the  iron 
pipes  sufficient  to  prevent  them  from  burning.  By  using  brick 
stoves,  we  get  rid  of  that  additional  work  on  the  engines. 

Mr.  Cook  :  With  regard  to  cleaning  the  stoves  I  may  say  that 
Mr.  Hugh  Kennedy's  brother  told  me  a  few  days  ago,  that  one  of 
these  stoves,  after  having  been  in  use  for  two  years,  was  examined 
to  see  whether  there  had  been  any  accumulation  of  dirt  in  the 
checker-work,  and  it  was  impossible  to  notice  any  at  all.  That  con- 
firms the  statement  in  Mr.  Coffin's  paper,  to  the  effect  that  the  clean- 
ing of  the  stove  is  not  a  matter  of  great  consequence,  there  being  no 
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accumulation  of  dirt  in  the  checker-work.  I  asked  him  also  as  to 
the  temperature  of  the  escaping  gas ;  and  he  said  they  had  not  really 
determined  it. 

Our  stove-tenders  seem  to  have  some  difficulty  in  preventing  the 
gas  from  burning  out  of  the  stacks.  That  is  because  they  are  using 
too  much  gas  below,  and  are  not  using  it  economically. 

N.  B.  WiTTMAN,  Birdsboro,  Pa. :  It  would  be  of  interest  to  ascer- 
tain what  real  knowledge  we  have  on  the  influence  which  the  tem- 
perature of  blast  exerts  in  the  movement  of  stock  in  a  blast-furnace. 

A  few  years  ago,  on  changing  from  iron-pipe  to  fire-brick  stoves, 
one  of  the  furnaces  of  the  E.  &  G.  Brooke  Iron  Co.  commenced  to 
stick  persistently  ;  and  I  endeavored  to  ascertain  from  gentlemen  of 
large  experience  in  the  management  of  furnaces,  what  bearing  a  high 
temperature  of  blast  might  have  in  bringing  about  that  difficulty. 
An  opinion  from  any  of  these  men,  on  any  subject  pertaining  to  the 
operation  of  furnaces  was  entitled  to  profound  consideration,  but 
they  differed  radically  on  this  one.  The  range  of  opinion  was  from 
"  no  effect  whatever,"  to  the  statement  that  a  furnace  using  anthra- 
cite coal  as  a  fuel-base  cannot  be  run  in  a  satisfactory  manner  with 
a  temperature  of  blast  exceeding  1000°. 

Fire-brick  stoves  and  a  high  temperature  of  blast  have  not  had 
the  same  exhaustive  trial  on  furnaces  using  anthracite  as  they  have 
on  coke-furnaces,  and  it  may  be  that  the  undoubted  benefit  obtained 
in  coke  practice  will  not  follow— at  least  to  the  same  extent — with 
anthracite.  My  own  experience  with  a  furnace,  on  practically  the 
same  ores,  fuel,  etc.,  but  equipped  with  iron-pipe  stoves  in  one 
blast,  and  with  Whitwell  stoves  in  the  succeeding  one,  is  that  the 
process  was  much  more  uniform  with  the  iron-pipe  stoves,  and  that 
while  it  is  a  great  help  to  have  a  "  reservoir  of  heat "  at  command, 
there  has  been  much  more  need  of  such  help  since,  than  before  the 
brick  stoves  were  used. 

It  is  but  fair  to  add  that  the  volume  of  blast  available  per  square 
foot  of  hearth-area  is  much  smaller  with  the  present  furnace  than  it 
was  with  the  iron-pipe  stoves — the  hearth  being  now  larger  for  the 
same  engine  power.  No  entirely  just  comparison  can  be  made  un- 
less all  the  conditions  are  alike. 

A  decided  increase  in  the  production  of  iron  has  marked  the 
present  blast,  and  there  have  been  weeks  wiien  the  fuel-rate  per  ton 
of  iron  was  less  than  at  any  time  when  iron-pipe  stoves  were  used  ; 
but  there  has  been  much  more  variation  in  the  grade  of  iron  than 
formerly,  and  on  the  whole  but  a  trifling  economy  of  fuel. 
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An  auxiliary  engine,  now  being  erected,  will  increase  the  volume 
of  blast  per  square  foot  of  hearth-area  to  the  same  amount  as  was 
available  with  the  iron-pipe  stoves ;  and  it  is  hoped  that  regularity 
of  product  will  result  without  sacrificing  any  of  the  advantages 
gained  by  the  use  of  fire-brick  stoves. 

David  Bakee,  Sparrow's  Point,  Md. :  It  seems  to  me  that  Mr. 
Cook's  experience  so  far  has  not  proved  the  Kennedy  stove  to  be 
the  most  economical  for  all  practice.  In  his  furnace,  where  he  does 
not  require  high  heats,  or  at  least  has  not  required  them  as  yet,  he 
finds  that  the  stove  gives  him  all  the  heat  that  is  necessary,  so  that 
he  does  not  need  to  pay  any  attention  to  possible  waste.  But  in 
coke-practice  we  want  to  utilize  as  completely  as  possible  the  calo- 
rific capacity  of  the  tunnel-head  gases,  by  putting  back  into  the  fur- 
nace the  heat  desired  from  their  combustion,  so  as  to  reduce  the 
coke  charge ;  and  it  seems  to  me  that  the  decisive  test,  whether  a 
stove  is  economical  or  not  is  furnished  by  the  character  and  the 
temperature  of  the  waste  gases.  In  looking  over  the  drawing  of 
this  stove,  I  find  that  it  has  about  37  feet  of  checker- work.  And  I 
have  noticed  in  my  experience  with  regular  coke-gas,  that  we  might 
be  short  of  steam,  and  yet  see  the  gas  burning  with  a  long  flame  out 
of  the  stack,  having  passed  a  distance  of  130  or  140  feet  without 
being  burned.  I  should  think  this  stove  on  a  coke-furnace  would 
be  excessively  hot,  and  the  result  would  be  that  we  would  be  losing 
a  great  deal  of  heat  out  of  the  stacks. 

James  Gayley,  Braddock,  Pa. :  I  think  the  point  that  Mr.  Morris 
and  Mr.  Baker  have  brought  up  is  a  very  important  one  with  regard 
to  this  stove.  Some  time  ago,  visiting  the  Isabella  furnace,  I  talked 
with  Mr.  Kennedy  on  the  subject,  and  he  said  that  he  had  not  then 
made  any  test  to  determine  the  temperature  of  the  escaping  gases. 
On  the  day  of  my  visit  there  was  a  very  small  amount  of  gas  coming 
in  at  the  bottom  of  the  stove.  The  valve  was  scarcely  open,  and, 
standing  on  the  top  of  the  stove,  I  judged  that  the  temperature  of 
the  chimney  was  very  low.  I  have  never  seen  these  stoves  when 
they  were  pushed  to  utmost  capacity,  as  is  quite  customary  with 
those  of  the  ordinary  types.  I  remember  that  when  Mr.  Kennedy 
was  thinking  about  this  stove  he  came  over  and  spent  an  afternoon 
with  me,  and  we  talked  over  pretty  thoroughly  this  plan  of  construc- 
tion. The  thought  then  in  his  mind  was  that,  on  account  of  the 
mass  of  the  heat  being  derived  from  the  combustion-chamber,  it 
would  be  only  necessary  to  have  a  stove  with  a  combustion-chamber, 
and  for  that  reason  he  made  this  design,  which  is  practically  a  series 
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of  combustion-chambers.  We  made  a  test,  subsequent  to  his  visit, 
on  our  own  stoves  (of  the  Cowper-Kennedy  pattern),  to  determine 
how  much  heat  was  derived  from  the  combustion-chamber  and  how 
much  from  the  checker-work ;  and  we  found  that  at  the  top  of  the 
stove  the  temperature  was  900°  F.,  and  at  the  bottom  of  the  com- 
bustion-chamber 1400°  F.  I  have  never  favorcfi  putting  checker- 
brick  in  the  combustion-chamber,  and  we  have  discarded  that  in  our 
stoves  entirely.  We  have  even  left  out  all  divisional  walls,  having 
never  yet  had  a  stove  built  in  which  the  divisional  walls  have  not 
sooner  or  later  commenced  to  fuse  at  the  lower  part, — a  matter  which 
has  given  us  a  great  deal  of  trouble.  One  of  the  most  important 
features  of  such  a  stove  is  to  have  the  openings  large  enough.  Our 
Cowper-Kennedy  stoves  are  of  the  form  tirst  built  at  the  Thompson 
works,  with  openings  6  inches  in  diameter.  We  cleaned  a  stove 
which  had  been  in  use  for  about  two  years,  and  put  it  on  the  fur- 
nace, and  at  the  end  of  two  weeks  and  a  half  we  found  that  21  per 
cent,  of  the  openings  had  closed  up;  at  the  end  of  five  weeks  42  per 
cent,  had  closed  up.  After  that  we  changed  the  diameter  of  the 
checker-work  openings  to  9  inches,  and  we  have  had  none  close  up 
since  that  change  was  made.  I  think  Mr.  Cook  has  a  very  sub- 
stantial stove,  and  that  probably  he  will  get  good  work  from  it. 

One  of  the  secrets  of  success  is  the  fact  he  stated,  that  they  in- 
tended to  get  a  good  stove,  and  to  spare  no  expense  in  construction. 
That  is  essential.  In  fact,  too  many  stoves  are  so  poorly  built  that 
they  soon  begin  to  warp  a  good  deal,  and  the  design  is  blamed.  I 
know  of  many  stoves  well  designed  but  jjoorly  constructed,  ami  con- 
demned for  that  reason.  We  have  a  furnace  now  in  blast  that  has 
made  over  300,000  tons  on  the  first  blast.  A  few  days  ago  I  had 
occasion  to  look  up  the  expense  that  I  had  put  on  the  stove,  and  I 
found  that  for  a  make  of  302,000  tons  we  had  expended  S2o.06. 
That  is  a  consideration  in  addition  to  the  heat-})roducing  qualities  of 
the  stove, — one  of  the  most  essential  features.  I  know  of  some 
cases,  and  was  told  of  one  to-day,  where  they  had  been  putting  aside 
about  ten  cents  per  ton  for  stove- repairs,  and  I  know  that  on  some 
of  our  old  types  of  stoves  it  has  cost  us  nearly  that  figure.  But  on 
our  new  type  of  stoves,  which  have  been  more  substantially  built, 
we  feel  that  we  can  get  along  with  a  very  small  expense.  An  ex- 
pense of  $25  for  over  300,000  tons  of  product  shows  that  they  are 
thoroughly  well  constructed. 

Mr.  Cook:  In  reply  to  Mr.  Baker,  I  will  say  that  when  I  was 
at  Pittsburgh  last  fall  Mr.  Kennedy  was  running  heats  of  1400°  F. 
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on  his  stove.  Mr.  Birkinbine  and  I  were  on  top  of  the  stove,  and, 
with  the  chimney-valve  closed,  there  was  no  evidence  of  any  undue 
heat.  The  stoves  there  are  of  the  same  size  of  stoves  as  ours,  and 
are  run  with  fully  18,000  feet  of  air  per  minute, — all  of  it  passing 
through  the  stove,  with  no  cold-blast  cross-connection  at  all.  If  I 
remember  correctly,  the  blast-temperature,  as  shown  by  the  pyrome- 
ter at  the  tuyere,  dropped  from  25°  to  40°  in  an  hour's  blow.  They 
had  plenty  of  steam,  and  very  little  gas  was  put  on  the  stove  to  ob- 
tain 1400°  temperature.  He  wrote  me  the  other  day  that  he  had 
two  furnaces  banked.  The  furnace  that  was  running,  equipped  with 
these  stoves,  was  blown  with  a  blast  of  1400°  F.,  and  was  making 
sufficient  gas  to  do  this,  leaving  enough  to  provide  all  the  steam  re- 
quired for  the  furnace  in  operation,  and  to  pump  all  the  water  neces- 
sary for  the  two  banked  furnaces.  They  were  not  using  any  fuel  at 
all  under  the  boilers.  That  seems  to  speak  plainly  with  regard  to 
the  economy  of  gas-consumption.  While  the  escaping  gases  may  go 
off  at  high  temperatures,  at  the  same  time  the  gas  is  economically 
used  in  the  lower  part  of  the  stove.  I  am  not  now  arguing  in  favor 
of  one  stove  as  opposed  to  another.  These  stoves  are  now  on  trial 
at  our  works,  and  I  hope  that  the  results  may  justify  our  judgment 
in  putting  them  in. 

Mr,  Gayley  :  As  to  the  running  of  the  Isabella  furnace  without 
coal  under  the  boilers,  as  one  of  the  results  of  the  economical  con- 
sumption of  gas  from  their  new  stoves,  I  may  say  that,  before  these 
stoves  were  built,  they  ran  one  furnace  on  Bessemer  and  one  furnace 
on  mill-iron,  giving  them  a  very  good  quality  of  gas,  and  used  prac- 
tically no  coal  at  all  under  the  boilers. 

E.  W.  Raymond,  New  York  City :  I  see  that  Mr.  Fackenthal, 
who  may  be  reckoned,  since  the  apostasy  of  Mr.  Cook,  the  chief  re- 
maining champion  of  the  iron  stove,  remains  silent  in  this  discus- 
sion ;  and  I  suppose  it  is  because  he  feels,  as  I  do,  that  this  ought  to 
be  the  innings  of  the  brick-stove  party.  The  topic  of  the  occasion 
is,  strictly  speaking,  the  alleged  superiority  of  one  kind  of  brick 
stove  to  other  kinds ;  and  those  of  us  who  still  venture  to  adhere  to 
a  preference,  under  any  conditions  and  on  any  grounds,  for  iron- 
stoves,  are  certainly  warranted  in  waiting  until  our  friends  have 
settled  among  themselves  by  which  form  of  brick  stove  they  are 
willing  to  stand  as  the  best,  and  have  sustained  their  claims  for  that 
form  with  accurate  statements  of  technical  and  commercial  experi- 
ence for  periods  of  sufficient  length,  and  under  circumstances  per- 
mitting fair  comparison.     Nevertheless,  I  will  offer  some  suggestions 
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as  to  the  general  issue,  with  a  word  or  two  more  closely  pertinent  to 
Mr.  Kennedy's  design. 

Not  one  of  us  will  deny  that  the  ultimate  test  is  that  of  business 
economy :  in  other  words,  that  technical  perfection  may  be  secured 
at  too  high  a  cost.  As  to  the  question  of  technical  superiority  itself, 
more  especially  in  the  anthracite  furnace-practice,  the  last  word  has 
perhaps  not  yet  been  spoken,  as  to  the  relative  merits  of  iron  and 
brick  stoves.  It  is  well  known  that  actual  experience  at  anthracite- 
furnaces  hitherto  has  not  established  the  superiority  of  the  latter. 
Difficulties  in  management,  irregularities  in  furnace-work  and  pro- 
duct, and  other  drawbacks,  have  been  encountered.  Doubtless  they 
have  been  largely  due  to  imperfect  design  or  construction,  and  to  the 
inevitable  lack  of  the  ability  to  adapt  at  once  to  new  conditions  the 
new  apparatus.  Nevertheless,  the  fact  remains,  I  think,  that  we 
have  yet  to  receive  the  first  thorough  and  conclusive  demonstration, 
in  anthracite-practice,  of  the  superiority,  even  in  technical  respects,  of 
the  brick  stoves.  But  I  do  not  propose  to  discuss  that  question  now. 
I  frankly  confess,  that  the  brick  stove,  with  its  great  range  of  tem- 
perature, seems  to  me  to  be  logically  a  part  of  the  modern  blast- 
furnace plant,  in  which  large  capacity,  rapid  runuing,  blowing-ma- 
chinery adequate  to  give  any  desired  quantity  and  pressure  of  blast, 
and  furnace-stacks  and  fittings  of  corresponding  strength  aud  size, 
enable  the  manager  to  disregard,  or  to  overcome  by  main  force,  many 
of  the  difficulties  and  irregularities  which  used  to  be  formidable.  A 
new  set  of  problems  is  coming  forward,  and  a  new  art  is  to  be  for- 
mulated ;  but  it  may  be  fairly  said  that,  in  the  main,  the  manage- 
ment of  the  blast-furnace  is  coming  into  the  hands  of  the  chemist 
and  the  mechanical  engineer — the  former  prescribing  the  ingredients 
of  the  charge,  and  the  latter,  with  ample  resources  of  power  at  hand, 
securing  its  rapid  and  economical  reduction  with  the  aid  of  the  heat 
of  the  blast  and  the  action  of  the  solid  fuel.  In  the  armory  of 
weapons  at  the  command  of  the  furnace-manager  on  this  modern 
system,  I  conceive  the  control  of  high  blast-temperatures  to  be  an  im- 
portant item  ;  and  I  know  of  no  reason  to  doubt  that,  for  this 
control,  the  brick  stoves  will  be  found  ultimately  (and  perhaps 
with  suitable  adaptations  of  form  or  operation)  as  advantageous  in 
anthracite-practice  as  they  seem  to  have  proved  in  coke-practice.  In 
fact  (to  adopt  the  words  of  an  ironmaster  with  whom  I  was  recently* 
speaking),  if  I  were  offered,  as  a  gift,  with  an  anthracite-furnace,  a 
brick  stove  plant  instead  of  an  iron  one,  I  would  accept  it ;  but  if  I 
had  to  pay  for  the  one  I  chose,  I  might  hesitate  and  calculate,  and 
possibly  still  choose  the  iron. 
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This  brings  us  to  the  question  of  business  economy,  as  compared 
with  such  technical  questions  as,  for  instance,  the  complete  utilization 
of  heat-capacity.  The  first  business  consideration  here  is  that  of  in- 
terest on  the  capital  exj>ended  in  construction.  I  often  recall  with 
amusement  an  incident  in  the  life  of  my  distinguished  namesake,  the 
late  H.  R.  Worthington,  formerly  a  member  of  this  Institute,  who 
was,  on  a  certain  occasion,  a  competitor  for  the  contract  to  erect 
water-works  for  a  certain  large  city.  One  of  his  rivals  had  deeply 
impressed  the  committee  of  honest  laymen  in  charge  of  the  matter, 
by  offering  to  guarantee  an  immense  "  duty,"  in  pounds  of  water 
raised  one  foot  per  pound  of  coal,  for  his  ponderous  improved  Cor- 
nish engine.  To  the  surprise  of  the  committee,  Mr.  Worthington 
declined  to  guarantee  for  his  pumps  any  particular  duty  whatever,* 
but  added,  that  he  would  guarantee  that  the  diiFerence  in  cost  of  ma- 
chinery and  installation  between  his  engine  and  that  of  his  compe- 
titor, if  put  out  at  6  percent,  interest,  should  pay  annually  the  entire 
fuel-bill  of  the  works  J  That  was  business  economy;  and  the  busi- 
ness men  thus  enlightened  gave  him  the  contract. 

In  applying  this  principle  to  hot-blast  stoves,  we  should  contem- 
plate not  only  the  annual  interest  on  the  investment,  but  the  repay- 
ment of  the  principal  at  the  end  of  the  life  of  the  structure.  These 
data  are  not  now  available.  Mr.  Cook  says,  that  after  seven  years'  use 
of  the  Durham  stoves  without  any  repairs  whatever,  he  expected  that 
they  would  need,  if  he  continued  to  use  them,  repairs  amount- 
ing to  $7000  or  $8000.  But  seven  years  is  not  the  life  of  a 
Durham  stove ;  and  the  fact  that  it  may,  for  the  first  time,  at  the 
end  of  that  period,  require  repairs,  is  no  more  a  sign  that  it  is  totally 
worn  out  than  the  time  when  a  man  first  takes  medicine  is  the  day 
of  his  death. 

*  I  ought  to  add  (though  the  fact  is  sufficiently  well-kuown  among  engineers) 
that  the  Worthington  engines  liave  made,  both  under  special  test  and  in  actual 
work  for  long  periods,  remarkable  records  of  economy,  as  measured  by  duty,  and 
that,  on  the  occasion  here  recalled,  Mr.  Worthington's  course  was  dictated  by  a  rule 
which,  so  far  as  I  know,  he  uniformly  maintained  ;  namely,  never  to  insert  in  a  con- 
tract minute  technical  conditions,  the  fulfilment  of  which  was  to  be  determined  by 
a  single  "  duty-trial,"  with  all  its  possible  errors,  due  to  imperfect  apparatus,  pecu- 
liar methods  or  prejudices  of  experts,  manner  of  firing,  particular  quality  of  fuel, 
precision  c  f  weighing,  completeness  of  combustion  and  estimated  calorific  value  of 
ashes.  He  would  undertake  for  a  certain  price  to  put  up  machinery  to  do  a  given 
amount  of  work,  and  to  do  it  steadily,  with  reasonable  economy.  For  the  rest,  he 
demanded  to  be  trusted  to  make  a  creditable  job,  for  the  sake  of  his  own  reputation  ; 
and  it  must  be  said,  that  no  one  who  ever  so  trusted  him  failed  to  get  more,  in 
every  respect,  than  had  been  promised. 
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On  the  other  hand,  the  effective  life  of  a  well-built  brick  stove  is 
equally  undetermined;  and  until  such  data  have  been  worked  out, 
the  commercial  comparison  in  this  respect  cannot  be  finally  made. 
But  that  comparison  is  directly  affected  also  by  another  element, 
namely,  the  duration  of  the  stove,  measured,  not  in  time  merely, 
but  in  the  tonnage  of  product,  A  larger  total  product  in  a  shorter 
period  may  offset  the  higher  first  cost.  Whether  it  does  so  or  not, 
in  a  given  case,  is  a  question  for  careful  calculation,  and  not  to  be 
answered  off-hand.  I  wish  to  say  here,  that  there  is  no  royalty  on 
the  Durham  stove.  Its  designer,  Mr,  Edward  Cooper,  took  out  no 
patent,  but  placed  the  invention  freely  at  the  service  of  ironmasters. 
The  drawings  and  the  records  of  j)ractice  have  been  made  public 
with  equal  freedom  by  Mr.  Fackenthal,  the  Su[)erintendent  of  the 
Durham  Iron  Works;  and  that  establishment  has  derived  no  profit 
from  the  stoves  beyond  its  own  Hse  of  them  and  a  few  contracts  for 
castings,  etc.  Other  parties  have  also  made  the  stoves,  upon  the  in- 
formation furnished  by  us.  There  is  absolutely  no  business  interest 
influencing  anybody  to  advocate  their  use,  and  nothing  to  prevent 
anybody  from  recognizing  and  adopting  any  other  apparatus.  I 
suppose  it  is  pretty  generally  admitted,  however,  tiiat  the  Durham 
stove  has  proved  in  practice  the  best  iron-pipe  stove,  and  wortiiy  to 
represent  that  type  in  any  comparison  with  the  brick  stove.  And 
while  I  feel  that  such  a  comparison,  for  anthracite-practice,  has  not 
yet  been  decisively  made,  I  think  it  very  likely  that  Mr.  Cook  will 
add  to  the  laurels  he  has  gained  already  by  demonstrating  the  superi- 
ority of  the  form  he  has  adopted. 

It  has  been  observed  here  that  the  Kennedy  stove,  with  its  one 
pass  and  direct  draft,  may  be  less  economical  of  heat  tiian  others,  the 
test  being  the  complete  combustion  of  gas  in  it,  and  the  tempera- 
ture of  the  gas  escaping  from  the  stack.  I  would  ren)ark,  as  to  that, 
that  this  sacrifice  of  technical  economy,  if  it  should  prove  to  exist, 
might  be  compensated  by  commercial  economy;  and  the  Durham 
stove  affords  a  good  illustration.  In  that  design  (see  i\Ir.  Facken- 
thal's  elaborate  paper  on  "  The  Durham  Blast-Furnace,"  Trans., 
xiv.,  130j,  each  stove  has  its  own  stack,  with  direct  and  separately 
controlled  draft,  and  the  gas  and  cold  blast  are  admitted  on  the  same 
side,  so  that  the  hottest  combustion  takes  place  around  the  pipes  con- 
taining the  coldest  air.*  It  follows  that  the  gas  escaping  through 
the  stacks  is  hotter  than  the  blast  delivered  to  the  tuyeres. 

*  This  is  not  a  complete  description  of  the  Dnrhara  design ;  but  I  ought  to  say, 
perhaps,  tliat  it  has  no  proper  "  conibustion-chauiber,"  and  that  combustion  takes 
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There  could  be  no  clearer  violation  of  theoretic  economy  than 
this  waste  of  gas  at  1000°  F.  or  more,  and  nothing  is  clearer  than 
the  proposition  that,  by  admitting  gas  and  blast  at  opposite  sides, 
the  combustion  products  escaping  to  the  stack  might  be  made  to 
give  up  much  heat  to  the  cold  air  in  the  pipes  on  that  side,  while 
the  intenser  combustion  where  the  gas  entered  and  the  blast  left  the 
stove  would  raise  the  latter  to  maximum  temperature.  I  remember 
well  how  conclusively  I  stated  this  proposition  to  Mr.  Cooper  seven- 
teen years  ago,  when  the  first  Durham  stoves  were  under  construc- 
tion, and  I  have  not  forgotten  how  I  was  convinced  on  that  occasion 
that  he  fully  recognized  the  loss  of  heat  involved  in  his  design,  had 
measured  it  in  heat-units  and  (what  was  more,  and  more  instructive 
to  me)  had  computed  it  in  money,  and  expected  to  counterbalance  it 
by  savings  in  other  directions.  The  experience  of  many  years  has 
proved  the  accuracy  of  Mr.  Cooper's  calculations.  The  Durham 
stoves,  with  pipes  subjected  to  nearly  uniform  temperature  in  all 
parts,  have  shown  (apart  from  cheapness,  quick  controllability  and 
other  conveniences  and  merits)  the  wonderful  all-pervadingdurability 
of  the  famous  "  one-horse  shay;"  and  the  saving  in  repairs  (and  in 
some  other  respects)  has  abundantly  outweighed  the  loss  of  heat- 
units  in  the  chimney-gases.  We  have,  therefore,  the  curious  spec- 
tacle that  at  the  end  of  many  years  of  experience  and  imj)roveraent, 
and  at  the  time  when  the  iron-pipe  stove  is,  very  likely,  about  to  be 
superseded  altogether,  the  best  type  of  that  class  is  one  in  which 
technical  is  deliberately  sacrificed  for  business  economy. 

Applying  this  analogy  to  the  brick  stoves,  I  would  merely  say 
that  while  I  deem  it  not  unlikely  (though  not  yet  clearly  proved  for 
suitable  dimensions  and  arrangements  of  ports,  etc.)  that  a  one-pass 
stove  with  direct  draft  may  be  found  to  permit  inevitably  a  relative 
loss  of  heat  in  the  escaping  gases,  it  does  not  necessarily  follow  that 
this  item  of  inferior  economy  may  not  be  abundantly  outweighed 
by  other  advantages,  as  it  was  in  the  Durham  stove;  and  I  think 
that,  although  that  apparatus  may  be  destined  to  disappear,  in  the 
course  of  the  progress  of  our  art,  ironmasters  will  be  forever  in- 
debted to  Edward  Cooper  for  an  example  of  the  intelligent  recog- 
nition and  quantitative  measurement  of  theoretical  considerations. 

Mr.  Morris:  I  am  a  user  of  stoves  and  not  a  builder  of  them. 
I  think  that  Dr.  Raymond,  in  some  respects,  has  rather  begged  the 

place  throughout  the  stove.     I  think,  however,  that  it  is  unquestionably  most  intense 
at  the  point  where  the  gas  is  ignited. 
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question.  Sometimes  it  is  necessary  to  ignore  the  matter  of  interest 
on  new  investment  in  order  to  be  in  a  position  to  compete.  In 
answer  to  Mr.  Wittmann's  remarks  as  to  the  irregularity  of  running, 
I  may  remind  members  what  they  had  the  opportunity  of  seeing  this 
morning  at  our  furnace.  The  pig-iron  produced  during  their  visit 
showed  by  analysis  0.13  silicon  and  0.033  sulphur,  with  a  trifle  of 
manganese.  I  think  it  would  puzzle  an  iron-stove  man  to  under- 
take to  make  that.  It  is  not  unusual  for  us  to  have  merely  a  trace  of 
silicon  with  very  low  sulphur.  The  average  is  about  0.30  silicon 
and  0.03  sulphur.  We  make  very  little  that  is  above  0.4  silicon  or 
0.04  sulphur.  That  would  answer  some  questions  that  Mr.  Witt- 
man  has  raised  about  the  control  of  furnaces.  We  find  it  very  ad- 
vantageous to  be  able  to  change  our  heats.  Mr.  Cook  acknowledges 
that  he  has  already  derived  considerable  benefit  from  doing  that. 
Our  heats  ordinarily  run  from  1200°  to  1300°  F.,  and  sometimes  up 
to  1500°,  or  down  to  1000°.  By  changing  within  that  range  we  can 
get  regular  and  uniform  work.  I  do  not  know  what  Mr.  Witt- 
man's  experience  has  been  in  that  line,  but  we  have  no  difiBculty  in 
handling  our  furnace  and  keeping  it  on  regular  and  uniform  work. 

Mr.  Raymond  :  I  hear  that  Mr.  Julian  Kennedy  proposes  to 
use,  at  the  immense  blast-furnace  which  he  is  constructing  at  Buffalo, 
a  new  arrangement  for  washing  the  gas,  and  undoubtedly  that  is  a 
critical  point  with  regard  to  a  brick  stove  in  which  the  bricks  are  in 
danger  of  being  covered  with  an  accumulation  of  fluxing  dust.  It 
would  be  interesting  to  know  whether  any  novel  gas-washer  has 
been  used  with  this  stove. 

Mr.  Cook:  I  do  not  think  that  any  novel  arrangement  has  been 
adopted  by  Mr.  Hugh  Kennedy  in  washing  the  gas.  My  observa- 
tion of  the  stoves  in  the  Schuylkill  Valley  and  the  West  leads  me 
to  think  that  with  the  Whitwell  and  the  Cowper,  i.e.,  stoves  with 
large  chimneys  and  single  combustion-chambers,  there  is  a  tendency 
on  the  part  of  the  dirt  which  is  carried  in  to  melt  and  solidify,  while 
with  this  type  of  stove  it  is  all  dry  dust.  When  I  first  saw  the 
Kennedy  stoves  they  had  been  in  use  for  nine  months  or  a  year. 
There  was  then  no  accumulation  of  fused  flue-dirt  on  the  bottom  of 
the  combustion-chambers.  As  for  as  our  experience  has  gone  there 
seems  to  be  very  little  dirt  going  iuto  the  stoves,  because  we  have  a 
double  dirt-catcher  and  are  trying  to  keep  the  dirt  out.  As  Dr. 
Raymond  has  called  up  the  question  of  the  comparative  cost  of 
stoves  it  may  be  of  interest  to  the  members  iiere  for  me  to  state  our 
experience.     We  put  in  five  sections,  of  twenty-four  pipes  each,  of 
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the  Durham  stove,  and  they  cost  us  $5000  per  section,  that  is,  $25,000 
for  the  five.  Before  we  determined  to  build  a  brick  stove  we  made 
a  careful  estimate  of  the  interest  account.  I  counted  at  least  8  or 
10  per  cent,  interest  on  the  investment ;  and  I  also  counted  the  cost 
of  stove-tenders,  that  is,  one  man  on  each  turn  whom  we  did  not 
have  to  have  with  the  iron  stove.  Then  I  estimated  the  saving;  on 
fuel  over  our  former  practice  with  the  iron  stoves.  The  first  year 
of  our  last  blast  we  made  iron  with  2450  pounds  of  fuel  per  ton  of 
iron.  I  estimated  that  if  we  could  save  200  pounds  of  fuel  per  ton 
of  iron  we  could  very  well  afford  to  put  in  the  brick  stove.  As  far 
as  our  accounts  have  been  made  up,  including  the  cost  of  foundation, 
the  three  stoves  complete,  from  cold-blast  valve  to  hot-blast  valve, 
exclusive  of  the  gas-flue  connections,  but  including  all  royalties, 
drawings  and  patent-rights  and  jiayments  to  Mr.  Julian  Kennedy 
for  improved  hot-blast  valve,  will  not  exceed  in  cost,  according  to 
my  impression,  $38,000,  though  it  may  be  a  little  more  or  a  little 
less.  Instead  of  exceeding  our  estimate  it  will  fall  several  thou.sand 
dollars  below.  Now  those  stoves  will  heat  20,000  feet  of  air  per 
minute.  The  stoves  were  carefully  built,  firebrick  of  No.  1  grade 
being  used  exclusively.  In  order  to  heat  20,000  feet  of  air  with  the 
Durham  stove  it  would  be  necessary  to  add  two  more  sections,  mak- 
ing seven  sections  in  all.  This  would  niake  the  cost  $d5,000  for 
iron  stoves  as  against  $38,000  for  brick,  for  the  same  volume  of  air. 

B.  F.  Fackenthal,  Jr.,  Riegelsville,  Pa. :  Mr.  Cook's  estimate 
requires  nearly  twice  as  many  pipes  to  heat  20,000  feet  of  air  as  we 
have  required  in  practice  at  Durham  ;  our  temperature  being  as  high 
as  any  iron  stove  can  carry — about  1000°  F. 

President  BiEKiNBiNE :  It  was  not  my  intention,  while  occu- 
pying the  chair,  to  take  part  in  the  discussion  ;  but  Mr.  Cook's  re- 
marks associating  my  work,  as  consulting  engineer  for  the  Warwick 
Iron  Co.,  with  the  erection  of  the  Hugh  Kennedy  stove-plant, 
seem  to  call  for  a  statement  from  me. 

The  suggestion  was  made  that  Mr.  Coffin  prepare  a  paper  upon 
the  Hugh  Kennedy  hot-blast  stove,  for  the  purpose  of  opening  a  dis- 
cussion which  would  probably  include  the  merits  of  different  ar- 
rangements of  fire-brick  stoves,  and  a  general  consideration  of  the 
influence  which  blast  at  different  temperatures  has  upon  the  fuel 
economy  and  the  product  of  a  blast-furnace.  To  encourage  such 
discussion  a  number  of  letters  were  addressed  to  those  who  are  in- 
terested in  various  forms  of  stoves,  and  also  to  prominent  blast-fur- 
nace managers. 
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Mr  Cook  has  stated  that  the  selection  of  the  Hugh  Kennedy  form 
of  stove  for  the  Warwick  furnace  was  without  bias,  and  there  is  still 
no  reason  that  either  he  as  President  of  the  company,  or  myself  as 
the  company's  engineer,  should  have  any  personal  favoritism  for  this 
special  form.  Its  selection  was  made  after  visits  to  one  hundred  dif- 
ferent stoves,  whose  construction  and  operation  were  carefully  studied, 
and  the  decision  reached  was  that  this  peculiar  form  met  the  require- 
ments of  the  ^yarwick  Iron  Co.  better  than  others.  Whether  the 
same  conclusion  would  be  arrived  at  for  other  plants,  or  whether 
fire-brick  stoves  would  be  erected  at  all,  would  depend  ujion  exist- 
ing conditions. 

I  have  been  considered  as  a  champion  of  iron-pipe  stoves,  and 
would  to-day  recommend  this  style  of  stove  for  certain  localities. 
Unless  the  owners  of  a  furnace-plant' are  willing  to  pay  for  or  the 
plant  is  worthy  of  a  well-constructed  and  equipped  stove  plant  of 
ample  capacity,  iron-pipe  stoves  would  be  recommended.  Within 
one  year  I  placed  a  fire-brick  stove-plant  and  an  iron-pipe  stove- 
plant  at  two  furnaces  in  the  same  general  district. 

In  the  construction  of  the  stove-plant  of  the  Warwick  furnace, 
fully  $5000  of  the  expenditure  could  have  been  saved,  had  the 
policy  been  to  use  a  minimum  thickness  of  shell,  the  smallest  num- 
ber of  brick  practicable,  etc.,  but  it  was  deemed  best  to  make  the 
shells  of  steel,  capable  of  an  elongation  of  20  per  cent.,  to  use  an 
excess  of  brick  to  give  permanency  to  the  plant,  and  to  employ  first- 
class  fire-brick  throughout,  instead  of  introducing  two  or  three 
grades. 

The  entire  structure  was  built  by  day's  work,  the  Warwick  Iron 
Co.  purchasing  all  materials  and  paying  all  royalties,  and  experi- 
ence only  can  demonstrate  whether  the  conclusions  which  selected 
this  form  of  stove,  as  yet  so  little  known  in  this  country,  will  be 
justified  by  the  results  obtained.  The  general  features  of  the  stove 
are  not  presented  as  original.  The  novelty  consists  in  the  arrange- 
ment of  direct  draught  for  the  gas  and  return-passes  for  the  air. 
The  increased  number  of  valves  and  attachments  appeared  to  be  a 
more  serious  drawback  than  the  actual  working  showed  to  be  the 
case  in  the  stoves  at  the  Isabella  furnace,  near  Pittsburgh ;  and  the 
control  of  the  heat  in  any  one  part  of  the  stove,  owing  to  introduc- 
ing gas  at  six  openings,  offered  apparent  advantages  to  more  than 
offset  the  objections  which  the  use  of  six  small  valves  in  place  of 
one  large  one  presented.  The  plans  of  the  inventor  were  somewhat 
modified   for  the  Warwick   stoves.     He   uses  eight  burners  at  the 
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Isabella  furnace,  whereas  at  the  Warwick  furnace  there  are  but  six, 
the  one  chamber  in  which  the  cold-blast  is  admitted  being  without 
burners  in  the  latter  and  constructed  of  lozenge-section  merely  as  an 
uptake  for  the  cold-blast ;  any  pre-heating  being  due  to  radiation  and 
absorption  from  the  brick-vvork.  This  uptake  was  enlarged  suffi- 
ciently to  permit  it  to  be  used  for  delivering  the  brick  and  fire- 
clay to  the  masons  while  lining  the  stoves.  In  the  lining  the  ma- 
sonry was  well  bound  together  so  as  to  reduce  to  a  minimum  any  injury 
to  the  arches  over  the  combustion-chambers,  permitting  these  to  be 
removed  and  renewed  at  small  expense  and  trouble,  should  the 
criticisms  upon  this  method  of  construction  prove  to  be  well- 
grounded. 

Special  care  was  taken  to  have  the  chimney- valves  well  fitted,  as 
leakage  in  these  was  considered  most  unadvisable ;  the  cushion  of 
air  between  the  top  of  the  stove  and  the  chimney-valve  amply  pro- 
tecting the  valves  and  seats  without  water-cooling,  providing  this 
air  could  not  escape  through  leakage.  In  laying  the  brick  for  the 
dome  an  effort  has  been  made  to  reduce  to  a  minimum  any  possible 
injury  which  might  result  from  the  fact  that  one  wall  cuts  the  dome. 
In  short  all  the  various  criticisms  which  were  made  upon  the  con- 
struction or  arrangement  of  this  form  of  stove  were  carefullv  con- 
sidered,  and  as  far  as  possible  means  were  employed  for  reducing  the 
causes  for  these  or  for  possible  unsatisfactory  operation. 

Beyond  the  mere  fact  of  the  straight-away  pass  for  the  gases  which, 
being  burned  in  the  lower  portion,  rise  directly  through  the  checker- 
work,  and  go  out  through  the  chimney,  the  prominent  feature  of 
difference  between  the  Hugh  Kennedy  stove  and  most  other  forms 
in  use,  is  that  the  blast  in  the  Hugh  Kennedy  stove  passes  after  en- 
tering from  the  cold-blast  uptake,  down  through  the  checker-work 
into  the  combustion-chamber  of  one  section  of  the  stove,  then  into 
the  combustion-chamber  and  up  through  the  checker-work  of  the 
second  section,  and  down  through  the  checker-work  to  a  combustion- 
chamber  of  a  third  section,  then  out  through  the  hot-blast  valve, 
thus  making  a  single  pass  for  gas  and  allowing  four  passes  for  the 
air.  The  questions  which  are  to  be  determined  by  the  operation  of 
these  stoves  are,  whether  the  control  of  combustion  of  smaller  amounts 
of  gas  in  three  divisions  of  the  stove  will  heat  up  the  checker-work 
to  better  advantage  than  if  all  the  gas  is  let  into  one  chamber  pass- 
ing through  two,  three,  or  four  divisions,  and  then  out  through  a 
chimney;  whether  more  economical  results  will  not  be  obtained 
even  if  the  gases  leave  the  stove  at  a  higher  temperature  than  they 
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enter  the  chimneys  of  other  forms  of  stoves;  and  whether  the  per- 
manency of  the  stove  will  not  be  increased  by  admitting  the  cold 
air  into  a  chamber  which  absorbs  its  heat  from  other  parts  of  the 
stoves,  and  then  forces  it  through  three  systems  of  checker- work,  the 
temperature  of  which  can  be  adjusted  by  the  quantity  of  gas  ad- 
mitted to  the  combustion-chambers  under  each  system  of  checker- 
work. 

Mr.  CoFFix  (Communication  to  the  Secretary):  I  wish  to  add 
that  the  object  of  my  paper  was  solely  to  explain  the  principle  of 
design  of  the  Hugh  Kennedy  stove,  and  that  descriptions  of  the  de- 
tails of  construction  and  of  the  peculiar  and  essential  features  of  a 
part  of  the  valve-equipment  were  purposely  omitted,  so  that  the  one 
idea  of  its  direct  draught  and  reverse  air-current  might  be  more 
effectively  emphasized. 

The  question  brought  up  by  Mr.  Morris  and  Mr.  Baker  as  to  the 
economy  of  the  stove  in  the  consumption  of  the  waste  gases  is  a  very 
important  onej  and  I  shall  try  to  answer  it  in  some  detail. 

Each  of  the  Warwick  stoves  has  six  gas-burners,  8  inches  in  di- 
ameter, with  3-inch  air-pipes  in  the  center.  The  Isabella  stoves  are 
using  the  same  equipment.  The  combined  area  of  these  burners  is 
but  equal  to  one  18-inch  nozzle,  which  I  think  is  about  the  same 
area  as  is  used  on  other  stoves,  while  the  small  subdivisions  certainly 
obstruct  the  flow  somewhat.  Again,  br^th  Mr.  Kennedy  and  Mr. 
Cook  say  that  the  stove-tenders  are  likely  to  burn  too  much  gas 
rather  than  too  little.  It  must  be  borne  in  mind  that  each  burner 
is  used  to  heat  only  one-sixth  of  the  mass  of  brick. 

The  Spearman  burners,  which  are  used  exclusively  on  these  stoves, 
permit  a  perfect  combustion  in  the  small  lower  chambers;  and,  as 
there  are  no  stacks  on  the  stoves,  the  draught  is  light.  This  allows 
the  time  necessary  for  the  brick  to  absorb  the  heat. 

If  all  the  gas  were  introduced  into  one  chamber,  the  heat  gener- 
ated would  undoubtedly  melt  the  brick;  but  as  only  one-third  of 
the  gas  burns  in  each  chamber,  the  large  number  of  flues  leading 
from  the  chamber  carry  up  the  heat  toward  the  top.  I  have  made 
these  observations  in  frequent  inspections  of  the  stoves  at  Isabella, 
and  have  noted  that,  with  about  18,000  cubic  feet  of  air  per  minute 
going  to  the  furnace,  a  temperature  of  1350°  or  1400°  F.  was  main- 
tained, though  the  gas-burners  had  not  been  more  than  half  open  at 
any  time  while  the  stoves  were  on  gas. 

Mr.  Fackenthal  :  It  does  not  seem  fair  that  the  cost  of  build- 
ing Durham  stoves  ten  years  ago  should  be  placed  in  comj^uirison 
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with  that  of  fire-brick  or  any  other  stoves  built  now.  It  is  well 
known  that  the  cost  of  material  entering  into  the  construction  of 
both  types  has  been  very  largely  reduced.  This  is  especially  the 
case  with  the  building  of  fire-brick  stoves,  which  (judging  from 
Mr.  Cook's  figures)  can  now  be  furnished  for  but  little  more  than 
one-half  of  what  they  formerly  cost.  As  Dr.  Raymond  has  said, 
the  Durham  foundry  charges  no  royalty  on  the  Durham  stove,  and 
other  foundries  are  building  them  in  competition  with  the  Dur- 
ham foundry ;  and  in  this  connection  I  would  say  that  the  first  four 
sections  of  Durham  stove  erected  at  the  Warwick  furnace  were  not 
made  by  us ;  we  were  the  successful  bidders  only  on  the  fifth  section 
erected  at  that  furnace. 

The  peculiar  situation  should  be  borne  in  mind  in  all  attempts  to 
compare  the  durability  or  performance  of  the  Durham  stov^es  with 
those  of  patented  stoves,  constructed  according  to  the  latest  im- 
proved designs  of  the  patentees.  In  this  case,  the  foundry  which 
bid  successfully  against  the  Durham  Iron  Works  for  the  contract  to 
build  Mr.  Cook's  first  four  sections  was  not  in  possession  of  the  re- 
sults of  our  experience;  and  while  I  do  not  mean  to  disparage  here 
the  quality  of  the  work  done,  it  is  only  fair  to  say  that  the  stoves 
were  not  constructed  as  we  would  have  built  them.  A  fiiir  com- 
parative test,  showing  the  superiority  of  our  construction,  is  not  fur- 
nished by  Mr.  Cook's  experience.  It  is  indeed  true,  that  the  fifth 
section,  built  by  us,  was  still  in  good  condition  and  was  sold  by  Mr. 
Cook  for  further  use,  when  the  whole  plant  was  torn  down ;  but  it 
had  not  been  running  so  long  as  the  others.  I  can  therefore  not 
claim  that  this  particular  case  proves  (though  it  certainly  does  not 
disprove)  my  opinion  that  the  condition  in  which  he  found  his  first 
four  sections  after  seven  years'  use  (and  especially  the  fact,  as  I  am 
informed,  that  a  number  of  the  bed-pipes  had  been  broken  by  ex- 
pansion) was  due,  not  to  the  principles  of  the  Durham  stove,  but  to 
its  construction  by  inexperienced  builders.  This  opinion  is  sup- 
ported, however,  by  the  results  of  practice  elsewhere;  and  I  think  it 
is  only  fair  to  ask  that,  for  purposes  of  decisive  comparison,  the 
Durham  stove,  as  constructed  by  those  who  understand  it,  should  be 
taken  as  a  basis. 

Another  point  is  suggested  by  Mr.  Cook's  remarks,  namely,  that 
if  he  had  been  running  these  defective  stoves  for  some  years  without 
repairs,  and  found  at  the  end  of  that  time  that  they  were  so  badly 
broken  inside,  he  must  have  been  working  for  a  longer  or  shorter 
part  of  that  period  with   stoves   that  needed  repairs,  and  therefore 
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could  not  give  their  normal  efficiency  or  economy.  If  Mr.  Cook 
should  hereafter  (as  we  all  hope  he  will)  give  us  a  thorough  com- 
parative statement  of  the  results  obtained  by  him  from  both  types, 
I  trust  he  will  not  forget  that  his  figures  for  the  iron-pipe  stoves 
will  represent  in  large  degree  an  iuiperfect  construction  to  begin 
with,  consequent  interior  damages,  and  the  omission  to  repair  those 
damages.  In  other  words,  he  will  be  obliged  to  use  as  a  basis  for 
his  comparison  the  performance  of  Durham  stoves,  not  properly  con- 
structed to  begin  with,  and  out  of  order  besides. 

It  appears  to  me  that  the  cost  of  the  Durham  ovens  at  the  War- 
wick furnace  as  stated  by  Mr.  Cook,  viz.  :  $5000  for  each  24-pipe 
section,  is  unusually  high.  We  frequently  build  the  Durham  ovens 
under  contract;  and  our  price  fur  a  40- pipe  oven  complete,  with 
valves  and  everything  ready  for  use,  has  for  some  years  past  not  ex- 
ceeded $5000.  Three  ovens  of  this  size  would  certainly  heat  20,000 
cubic  feet  of  air  per  minute  up  to  1000  degrees.  Of  course,  small 
sections,  such  as  were  those  used  at  the  Warwick  furnace,  would  cost 
more  in  proportion  to  the  number  of  pipes.  During  1888,  we 
equipped  a  furnace  with  two  27-pipe  Durham  ovens  (which  the 
owners  of  the  furnace  themselves  erected)  and  their  engineer  advises 
me  that  the  total  cost  of  the  two  sections  complete,  with  valves, 
smoke  stacks,  binders,  and  all  connections  ready  to  run,  was  $6300. 

Mr.  Cook's  statement,  that  while  using  iron-pipe  stoves  he  in- 
creased his  output  70  per  cent.,  makes  it  reasonable  to  assume  that 
his  present  blast  would,  with  the  Durham  stoves,  have  shown  a  still 
greater  production  and  a  corresponding  economy.  This  is  indicated 
also  by  the  data  which  he  gives  us  for  the  first  few  weeks  of  the 
present  blast,  showing  that  hus  output  is  already  greater,  though  he 
has  not  availed  himself  of  a  blast-temperature  beyond  that  which 
the  Durham  stoves  could  give  him.  In  this  connection  I  may  ob- 
serve that  the  output  of  the  Durham  furnace,  without  change  of  en- 
gines or  ovens,  has  been  increased  more  than  150  per  cent,  since  the 
furnace  was  first  erected  in  1876  ;  and  since  we  commenced  using 
a  proportion  of  coke  in  our  fuel-mixture  the  increase  in  output  has 
been  nearly  72  per  cent.,  while  the  fuel-consumption  has  been  re- 
duced with  each  successive  blast. 

Mr.  Morris  refers  to  the  back-pressure  in  iron-pipe  stoves.  I  wish 
therefore  to  state  that  the  back-pressure  at  the  Durham  furnace 
has  never  exceeded  half  a  pound.  Mr.  Morris  refers  to  the  analyses 
of  his  pig-iron  and  suggests  that  "it  would  puzzle  an  iron-stove 
man  to  undertake  to  make  "  iron  of  the  same  composition.     I  have 
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already  discussed  this  question,  and  have  shown  in  my  discussion  of 
Mr.  Morris's  paper  on  the"Control  of  Silicon  in  Pig-Iron"  {Trans., 
xx'i.,  348)  that  these  results  have  already  been  accomplished  at  the 
Durham  furnace  and  with  iron-pipe  stoves. 

I  have  before  me  the  comparative  records  of  two  anthracite  fur- 
naces in  the  Lehigh  Valley,  one  of  which  is  equipped  with  Durham 
iron-pipe  stoves  and  the  other  with  fire-brick  stoves.  As  they  are 
both  under  one  management,  and  operated  under  the  same  condi- 
tions, the  comparative  records  are  most  interesting.  They  show 
that  the  furnace  equipped  with  fire-brick  stoves  does  not  give  any 
greater  output  or  any  better  fuel-economy  than  the  one  equipped 
with  Durham  stoves. 

Asa  a.  Weimer,  Lebanon,  Pa.  (communication  to  the  Secretary) : 
Mr.  Coffin  says,  '*  Mr.  Weimer  patented  a  stove  with  one  vertical 
pass,  or  rather  a  series  of  passes  directly  over  each  other  ;  but  in  the 
attempt  to  supply  air  at  points  above  the  gas-supply,  the  draught 
necessary  for  combustion  was  impaired."  This  reads  as  if  the  stove 
had  been  built  and  tried  ;  but  the  fact  is,  that  although  it  was 
patented  nine  years  ago,  no  attempt  was  made  on  the  part  of  the 
patentee  to  carry  out  his  ideas  in  practice.  If  any  one  has  built  a 
stove  on  this  plan,  it  will  be  of  interest  to  the  owners  of  the  patent 
to  know  it,  as  no  license  was  ever  issued  to  any  one. 

The  Weimer  stove  has  two  features  that  are  being  copied  with 
remarkable  rapidity.  They  are  ^' direct  draft "  and  "independent 
stacks,"  with  valves  on  top  of  each  stove. 

Like  all  other  fire-brick  stoves,  since  the  Whitwell,  it  was  designed 
to  avoid,  as  far  as  possible,  the  objectionable  points  in  the  fire-brick 
stoves  then  in  use,  namely,  underground  flues;  high  draft-stacks; 
intense  heat  in  one  combustion-chamber,  whereby  the  bricks  were 
glazed,  preventing  them  from  absorbing  heat  as  readily  as  they  are 
capable  of  doing  when  not  glazed  ;  and  the  presence  in  the  combus- 
tion-chamber of  arches  like  those  in  common  use,  which  are  so  con- 
structed that  when  one  row  of  brick  is  burnt  out  or  displaced,  the 
whole  arch  comes  down.  These  were  some  of  the  objections  to  stoves 
then  and  now  in  use.  In  the  matter  of  draft-stack  alone,  $4000  can 
be  saved  on  a  plant  of  stoves  by  Mr.  Weimer's  method  of  indepen- 
dent chimneys. 

The  stove  is  higher  than  those  in  common  use,  and  thus  performs 
the  part  of  draft-stack  to  some  extent.  In  the  drawings  for  the 
patent-office,  precaution  was  taken  to  have  enough  valves  shown  to 
control  every  possible  requirement;    and  perhaps  more  were  shown 
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than  are  necessary.  If  the  stove  were  built,  and  the  numerous 
valves  for  admitting  air  were  found  objectionable,  the  superfluous 
ones  could  be  closed  permanently. 

Tiie  Weimer  stove  has  but  a  single  pass  for  gas;  and  that  is 
upward.  The  air  can  either  be  made  to  enter  at  the  top  and  make 
but  one  passagej  or  it  can  be  introduced  at  the  bottom  and  will 
then  make  two  passes,  first  going  up  through  about  four-tenths  of 
the  air-passages  and  then  coming  down  on  the  opposite  side  through 
six-tenths  of  the  area  of  the  whole  stove,  thus  allowing  ample  room 
for  the  expanded  air.  It  is  well  known  that  furnace-gas  will  not 
burn  in  the  long  passages  of  a  fire-brick  stove,  and  hence  large 
combustion-chambers  are  provided,  in  which  the  gas  is  burned, 
and  the  heat,  passing  up  through  the  small  passages,  is  absorbed 
by  the  brick.  This  produces  an  intense  heat  in  the  combustion- 
chamber,  sufficient  to  melt  down  the  arches  supporting  the  checker- 
work.  Should  more  gas  be  admitted  than  is  capable  of  being 
properly  consumed  in  the  combustion-chamber,  it  passes  on  up 
through  the  passages  and  out  of  the  chimnev  until  it  reaches  air 
where  it  is  consumed  without  giving  any  benefit.  In  fact,  it  carries 
offbeat  that  should  have  remained  in  the  brick.  In  order  to  pro- 
vide against  this,  Mr.  Weimer  introduces  a  series  of  combustion- 
chambers  or  enlargements  of  the  air-passages  where  the  gas,  that  is 
not  all  consumed  in  the  first  chamber  (and  it  is  his  intention  that  it 
shall  7iot  be  all  burnt  in  the  first  chamber),  has  a  chance  to  come  in 
contact  with  just  sufficient  air  to  produce  combustion  (and  not  enough 
to  impair  the  draft:  in  fact,  a  small  jet  of  air  under  pressure  could 
be  introduced  which  would  assist  draft).  By  means  of  these  several 
combustion-chambers  and  short  air-passages,  he  distributes  the  heat 
more  evenly  throughout  the  whole  stove,  and  at  no  one  place  is  it 
necessary  to  raise  the  temperature  sufficient  to  melt  the  brick  in  order 
to  heat  the  brick  at  the  upper  ends  of  long  air-passages. 

The  gas-flues  are  all  overhead  with  swinging  gas-burners  and 
suitable  port-holes.  Two  or  four  burners  are  used.  All  valves  are 
operated  from  the  ground  with  chain.  Tiie  valves  are  water-cooleti 
and  of  ample  capa(;ity,  so  as  not  to  obstruct  the  air  or  gas.  I  fail 
to  see  any  great  difference  between  the  Weimer  stove  of  1884  and 
the  present  Hugh  Kennedy  stove,  except  that  the  Weimer  has  pro- 
visions for  burning  the  gas  that  is  not  all  consumed  in  the  first  com- 
bustion-chamber, and  Mr.  Kennedy  makes  three  passes  of  the  air  to 
the  Weimer's  two,  which  is  made  up  in  the  Weimer  stove  by  build- 
ing it  higher,  in  order  to  get  the  same  number  of  square  feet  of 
heating-surface. 
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THE  BASIC  BESSEMER  STEEL  PLANT  OF  THE  POTTSTO  WN 
IKON  COMPANY. 

BY  JOSEPH  HARTSHORNE,  STOWE,  PA. 

(Schuylkill  Valley  Meeting,  Reading,  October,  1892.) 

This  plant  is  situated  in  the  borough  of  Pottstown,  on  the  banks 
of  the  Schuylkill  river,  between  the  Philadelphia  and  Reading  Rail- 
road and  the  Schuylkill  Division  of  the  Pennsylvania  Railroad,  on 
a  plot  of  about  125  acres,  most  of  which  is  reserved  for  future  ex- 
tensions. About  45  acres  are  to  be  used  for  houses,  40  of  which 
have  already  been  built. 

The  accompanying  plan  will  give  a  clear  idea  of  the  general  ar- 
rangement of  the  works. 

Beginning  at  the  lower  or  eastern  end,  the  first  building  is  the 
basic-cinder  grinding-plant.  At  present,  it  consists  of  a  2000  mm. 
Jeni-sch  ball-mill  {Kugelfallmuhle)  similar  to  those  used  so  extensively 
for  grinding  basic  cinder  in  Europe.  It  was  built  by  Herman  Loh- 
nert,  of  Bromberg.  The  mill  is  very  simple  in  design,  and  efficient 
in  execution.  About  13  horse-power  is  required  to  run  it,  and  the 
average  output  is  20,000  pounds  in  10  hours.  The  best  work  we 
have  done  is  29,000  pounds  in  10  hours,  with  perfectly  dry  cinder. 
From  95  to  98  per  cent,  of  the  product  will  pass  through  a  sieve 
with  100  meshes  to  the  inch,  while  from  70  to  75  per  cent,  will  pass 
through  a  150-mesh  sieve.  The  mill  has  been  in  service  since  last 
March,  part  of  the  time  on  double-turn,  and  the  renewals  and  repairs 
have  been  very  slight. 

The  product  of  the  plant  is  sold  as  a  fertilizer.  It  runs  from  18 
to  24  per  cent,  in  phosphoric  acid,  about  14  of  which  is  reverted. 
The  merits  of  this  fertilizer  were  explained  by  Mr.  \V.  H.  Morris, 
at  the  Baltimore  meeting  of  February,  1892  {Trans.,  xxi.,  232),  and 
by  Mr.  W.  B.  Phillips,  at  the  Birmingham  meeting  of  1888  [Trans., 
xvii.,  84).  The  results  obtained  by  its  use  in  Europe,  where  over 
600,000  tons  were  used  last  year,  are  well  known. 

Near  the  cinder-grinding  plant  will  be  situated  the  new  machine- 
shop,  which  is  now  being  erected. 

The  next  buildings  contain  the  brick-making  plant  and  ovens. 
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The  brick-makiDg  plant  consists  of  two  No.  1  Gates  crushers,  of 
wliieh  one  is  kept  in  reserve,  a  96-inch  Fisher  chaser-mill,  a  series 
of  elevators,  a  dry  mixer,  a  wet  mixer,  and  a  Whittaker  brick-ma- 
chine. All  the  work  from  the  crude  stone  to  the  finished  brick,  is 
done  by  machinery,  except  a  slight  preliminary  mixing  by  hand  be- 
tween the  bins  and  the  dry  mixer.  Four  men  and  an  engineer  make 
10,000  bricks  in  10  hours.  The  bricks  are  taken  from  the  machine 
by  hand,  and  are  sent  to  the  ovens  in  small  cars.  They  are  piled 
wet  into  the  ovens,  where  they  are  fired,  first  at  a  low  and  then  at  a 
very  high  temperature. 

We  have  found  great  advantage  from  this  method  of  making 
basic  refractory  material,  which  insures  the  production  of  a  per- 
fectly homogeneous  and  very  hard-burnt  brick,  free  from  all  admix- 
ture of  ash  or  clinker.  This  is  much  better  than  burning  the  stone 
as  it  occurs  in  nature.  The  stone  is  always  more  or  less  irregular 
in  composition ;  and,  when  it  is  burnt  in  a  cupola,  the  lining  material 
made  from  it  always  contains  a  considerable  amount  of  clinker, 
ashes,  and  unburnt  coke,  irregularly  distributed  through  it. 

The  limestone  we  use  is  low  in  silica,  and  contains  not  more  than 
1.5  per  cent,  of  magnesia,  oxide  of  iron  and  alumina.  It  is  crushed 
and  ground  quite  fine,  and  then  fed  into  the  bins  through  a  sieve 
which  returns  the  coarse  material  to  the  pan.  The  finely-ground 
stone  is  measured  out  of  the  bins  on  to  the  floor,  where  it  is  slightly 
mixed  by  hand  with  about  2  per  cent,  of  ground  basic  Bessemer 
cinder.  It  is  then  shovelled  into  the  dry  mixer,  whence  it  passes 
into  the  wet  mixer,  where  just  enough  water  is  added  to  make  the 
mass  ball  slightly  in  the  hand.  From  the  wet  mixer  it  is  taken  by 
an  elevator  to  a  hopper,  from  whence  it  is  fed  into  the  brick-ma- 
chine. 

This  process  of  making  basic  material  for  lining  vessels  and  fur- 
iiatjes  was  developed  by  Mr.  Ernst  Bertrand,  of  Kladno,  Bohemia. 
The  cinder  is  a  very  valuable  ingredient,  as  it  sinters  the  material 
together  and  makes  the  bricks  much  harder  and  more  compact  than 
they  otherwise  would  be.  We  estimate  that  the  use  of  this  process 
has  added  about  twenty  heats  to  the  average  life  of  the  vessel-lin- 
ings. 

The  ovens  are  simply  tunnels,  15  feet  long,  10  feet  wide,  and  6 
feet  high  to  the  crown  of  the  arch.  They  have  a  door  at  each  end, 
and  a  32  by  51  inch  grate  on  each  side  of  the  doors.  Each  oven 
has  nine  flues,  24  by  3  inches  in  size,  which  open  into  a  large  flue 
running  longitudinally  under  them.     These  flues  open  in  turn  into 


746       BASIC    BESSEMER   STEEL    PLANT    OF    POTTSTOWN    IRDN    CO. 

chimney-flues  which  run  in  front  of  the  ovens  on  each  side.  There 
is  a  damper  in  the  longitudinal  flue  in  front  of  each  door,  and  each 
group  of  four  ovens  has  a  stack  56  inches  in  diameter  and  95  feet 
high.  With  our  twelve  ovens  we  can  turn  out  twelve  heats  of  bricks 
per  week,  when  necessary.  The  ovens  hold  about  5000  bricks  each, 
or  about  14,000  pounds  of  finished  material.  The  average  length  of 
burn  is  from  28  to  32  hours,  and  the  consumption  of  fuel  is  about 
2700  pounds  per  ton  of  burnt  brick.  The  bricks  are  9  by  4|  by  2 
inches  in  size,  as  they  come  from  the  press,  and  shrink  about  60  per 
cent,  in  firing.  They  are  taken  in  small  cars  from  the  ovens  to  the 
grinding-  and  mixing-plant  in  the  converting-mill. 

Next  in  order  come  the  lime-kilns;  at  present,  two  in  number, 
with  a  third  in  course  of  construction.  The  complete  plant  will  con- 
sist of  six,  should  they  all  be  needed.  They  are  9  feet  in  diameter, 
and  30  feet  high  from  furnace  to  charging-door,  with  a  cooler  8  feet 
high  below  the  furnaces.  They  stand  at  a  sufficient  height  to  enable 
the  lime  to  be  drawn  from  four  doors  directly  into  drop-bottom  cars, 
in  which  it  is  carried  to  the  con  verting- mi  11.  Each  kiln  has  two  ex- 
ternal firing-grates,  36  by  42  inches  in  size.  The  average  product 
is  25,000  pounds  per  kiln  per  24  hours,  with  a  consumption  of  300 
pounds  of  semi-bituminous  coal  per  gross  ton  of  lime.  This  com- 
paratively small  product  and  high-fuel  ratio  is  due  to  the  necessity 
of  insuring  the  total  calcination  of  the  stone.  Unburnt  stone,  or 
"core,"  gives  rise  to  trouble  in  the  vessels,  owing  to  the  absorption 
of  heat  in  driving  off  the  carbonic  acid.  The  kilns  are  continuous 
in  action,  being  drawn  every  three  hours.  They  are  charged  by 
means  of  an  Otis  hoisting-engine.  We  use  the  same  stone  for  the 
lime  as  for  the  bricks. 

Next  comes  a  battery  of  ten  return-tubular  boilers,  and  two  Well- 
man  gas-producers.  The  latter  furnish  gas  for  the  open-hearth 
furnace.  The  boilers  are  60  inches  in  diameter  and  20  feet  long, 
with  fifty-six  tubes  4  inches  in  diameter.  The  grates  are  of  the  Shef- 
field type,  and  60  by  72  inches  in  size.  They  are  blown  by  the 
Cornell  apparatus  of  the  Natural  Gas  Fuel  Company.  With  an 
ordinarily  good  semi-bituminous  coal  we  have  evaporated  10.75 
pounds  of  water  per  pound  of  combustible,  from  and  at  212°  F. 

This  brings  us  to  the  converting-mill,  in  a  small  annex  to  which 
is  placed  the  open-hearth  furnace.  The  furnace  was  originally  built 
as  a  pre-heater  for  the  cupola-metal  before  it  was  charged  into  the 
vessel.  This  fact  accounts  for  its  location,  and  for  its  comparative 
inefficiency  as  regards  production.     It  is  11  feet  wide  between  walls 
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and  16  feet  long  between  ports,  and  is  8  feet  from  tapping-hole  to 
crown  of  roof  The  gas-checkers  are  6  feet  2  inches  wide,  9  feet 
long,  and  14  feet  high,  and  the  air-checkers  are  7  feet  wide,  9  feet 
long,  and  14  feet  high.  The  valves  are  of  the  Bethlehem  type, 
with  water-cooled  seats,  and  are  20  inches  in  diameter.  Both  the 
valve-  and  checker  areas  are  too  small  for  the  size  of  the  furnace. 
The  furnace  works  hot,  but  rather  slowly ;  the  production  being 
from  twelve  to  fourteen  heats  per  week.  The  Saturday  turn  gener- 
ally stops  about  noon. 

The  loss  is  between  4  and  5  per  cent.,  and  the  fuel  consumption 
averages  about  1000  pounds  per  ton  of  ingots,  heating-up  included. 
The  original  bottom  was  rammed  in,  exactly  as  is  done  in  the  vessels, 
but  all  subsequent  repairs  have  been  made  with  re-ground  old  ves- 
sel-lining. A  little  magnesite  is  sometimes  used  in  front  and  in 
the  bottom  of  the  ports,  and  occasionally  crushed  basic  brick  is  used 
when  a  particularly  large  hole  is  to  be  repaired.  About  100  pounds  of 
old  vessel-lining  is  used  per  ton  of  steel.  Of  course,  much  less 
would  be  required  if  magnesite  or  basic  brick  were  used,  but  the  old 
vessel-lining  is  cheaper. 

The  pig-and-scrap  process  is  used,  and  there  is  nothing  unusual  in 
the  manipulation.  The  ferro-manganese  is  broken  quite  fine,  and 
is  added  in  the  ladle  or  runner.  The  steel  is  cast  in  the  Bessemer 
pit. 

The  following  analyses  and  physical  tests  will  give  a  fair  idea  of 
the  general  run  of  the  product.  They  are  taken  from  the  last  heats 
made,  and  are  neither  better  nor  worse  than  the  average : 


Heat 
No. 

Plate. 
Inches. 

Elastic 

Limit. 

Lbs. 

Ultimate 

Strength. 

Lbs. 

Elonga- 
tion. 
Per  cent. 

Reduc- 
tion. 
Per  cent. 

C. 

s. 

P. 

Mn. 

804 

46  by  j\ 

34,040 

57,730 

29.25 

50.70 

0.14 

0.043 

0.035 

0.403 

805 

16  "  t\  36,908 

60,080 

29.00 

61.50 

0.14 

0.033 

0.015 

0.417 

808 

94  "    f 

38,530 

51,000 

28.00 

72.00 

0.11 

0.0:^3 

0.030 

0.288 

807 

42  "  r'^  35,000 

60,500 

25.50 

61.80 

0.15 

0.040 

0.025 

0.474 

808 

42  "    1    35,560 

60,160 

28.25 

55.00 

0.14 

0.044 

0.015 

0.359 

809 

38  "  ^%  39,150 

61,650 

26.50 

48.60 

0.13 

0.030 

0.040 

0.532 

810 

47  "    i    35,700 

56,190 

27.50 

52.50 

0.13 

0.036 

0.020 

0.475 

811 

68  «  x'^B  32,290 

52,700 

30.00 

63.00 

0.09 

0.026 

0.020 

0.309 
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Heat 

No. 

Ingot 
No. 

C. 

S. 

P. 

iln. 

812 

1 

0.11 

0.032 

0.015 

0.410 

<. 

o 

0.12 

0.020 

0.386 

i, 

3 

0.12 

0.015 

0.396 

.. 

4 

0.12 

0.020 

0.374 

813 

1 

0.09 

0.025 

0  025 

0.417 

<• 

2 

0.09 

0.025 

0.410 

I, 

3 

0.08 

0.020 

0.367 

« 

4 

0.08 

0.020 

0.353 

814 

1 

0.12 

0.0.34 

0.015 

0.384 

« 

2 

0.11 

0.015 

0.406 

a 

3 

0.13 

0  015 

0.417 

815 

1 

0.11 

0.033 

0.015 

0.367 

« 

2 

0.13 

0.015 

0.331 

<. 

3 

0.11 

0  015 

0.353 

816 

1 

0.10 

0.020 

0.015 

0.380 

2 

0.10 

0.015 

0.375 

« 

3 

0.10 

0.015 

0.370 

817 

1 

0.09 

0.030 

0.010 

0.417 

2 

0.10 

0.010 

0.405 

<< 

3 

0.10 

0.010 

0.420 

« 

4 

0.10 

0.015 

0.400 

818 

1 

0.11 

0.033 

0.010 

0.403 

„ 

2 

0.11 

0.015 

0.407 

u 

3 

0.11 

0.015 

0.398 

i, 

4 

0.11 

0.015 

0.410 

819 

1 

0.12 

0.043 

0.015 

0.460 

2 

0.12 

0.010 

0.450 

„ 

3 

0.11 

0.010 

0.445 

„ 

4 

0.12 

0.015 

0.460 

« 

5 

0.12 

0  015 

0.450 

820 

1 

0.10 

0.035 

0.025 

0.365 

2 

0.11 

0.025 

0.342 

« 

3 

0.10 

0.025 

0.342 

" 

4 

0.09 

0.025 

0.355 

As  a  matter  of  precaution,  we  analyze  each  ingot  of  the  open- 
hearth  heats.  It  is  exceedingly  rare  that  we  find  any  greater  varia- 
tions than  those  shown  above,  and  we  probably  shall  not  continue 
this  practice  beyond  the  1000th  heat. 

The  eno-ine-house  is  situated  in  the  .southeast  corner  of  the  con- 
verting-house. In  the  cellar  there  is  a  16-inch  centrifugal  pump, 
driven  by  a  9  by  16  inch  'Porter-Alien  engine,  both  built  by  the 
Southwark  Foundry  and  Machine  Company,  of  Philadelpliia.  This 
pump  has  a  lift  of  about  19  feet  6  inches  from  low-water  mark.  It 
has  been  in  continuous  service  for  over  five  years,  and  the  only 
repairs  put  upon  it  were  the  renewal  of  the  wooden  journal-packings, 
nearly  two  years  ago.  In  the  same  cellar  there  are  five  small  pumps 
for  general  service  and  boiler- feeding. 

Inside  the  cellar  there  is  a  brick  and  cement  tank  containing 
12,000  gallons,  ar.d  outside  the  building  there  is  another  tank  made 
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of  steel  plate,  and  sunk  in  the  ground,  which  contains  60,000  gallons. 
These  tanks  combined  give  us  about  an  hour's  supply  of  water,  in- 
dependent of  the  condensers. 

The  engine-house  also  contains  two  Southwark  blowino;-enfrines, 
42  by  48  inches,  with  54-inch  blowing  tubes;  one  Southwark  and 
one  Worthington  duplex  compound-pressure  pumps,  with  9|-inch 
plungers  ;  two  Baker  blowers.  No.  7 J,  driven  direct  by  a  15  by  24 
inch  Wilbrahara  engine ;  and  a  30-light  dynamo,  with  its  engine. 

Just  outside  of  the  engine-house,  in  the  converting-mill,  is  the 
grinding-  and  mixing-plant  for  basic-lining  material.  It  consists  of 
tar-storage  tanks,  placed  outside  the  building,  two  open  tar-boilers, 
a  No.  1  Gates  crusher,  a  96-inch  Fisher  chaser-mill,  a  system  of 
elevators  and  sieves,  two  bins  and  a  mixer.  The  bricks  are  crushed 
either  in  the  crusher  or  the  mill,  and  divided  into  two  degrees 
of  coarseness  by  the  sieves.  These  two  sizes  of  ground  brick  are 
measured  out  of  the  bins  on  to  the  floor  in  certain  proportions, 
where  the  proper  amount  of  tar  is  roughly  mixed  in  by  hand.  The 
mass  is  then  shovelled  into  the  mixer,  whence  it  comes  ready  for  use. 
The  proportion  of  fine  and  coarse  stuff  depends  upon  the  purpose  for 
which  the  mass  is  to  be  used,^  and  the  amount  of  tar  is  determined 
by  the  way  in  which  the  mixture  balls  up  in  the  hand.  From  10 
to  12  per  cent,  of  tar  is  generally  sufficient  for  lining,  and  it  should 
stick  together  moderately  well  when  pressed  in  the  hand.  The  tar 
should  be  added  hot,  and  the  whole  mass  should  be  kept  warm 
while  being  mixed  and  rammed  up  in  place. 

Next  to  the  mixing-plant  are  the  cupolas.  Two  of  these  are  in 
use  ;  the  third  is  just  about  completed  ;  and  space  is  reserved  for  a 
fourth  when  needed.  They  are  placed  at  the  corners  of  a  square 
and  tap  into  a  ladle,  which  stands  on  a  weighing-machine  in  the 
middle.  The  ladle  rests  on  a  car,  by  which  a  small  locomotive 
transfers  it  along  the  ground  to  the  vessels.  The  cupolas  are  10 
feet  in  the  shell,  and  are  24  feet  from  charging-door  to  tapping-hole. 
They  have  19  tuyeres  6  inches  in  diameter.  The  tuyeres  are  4 
feet  above  the  tapping-hole,  and  the  slag  hole  is  6  inches  below  the 
tuyeres.     The  cupolas  do  not  quite  hold  a  melted  vessel-charge. 

The  cupolas  in  use  are  fitted  with  the  Greiner  attachment,  which 
we  estimate  effects  a  saving  of  about  20  per  cent,  in  the  fuel. 
Owing  to  the  necessity  for  melting  very  hot,  our  fael  ratio  is  higher 
than  it  otherwise  would  be.  We  have  melted  as  much  as.  64,000 
pounds  of  iron  in  an  hour  in  one  cupola.  When  using  coke,  we 
have  melted  14  pounds  of  iron  per  pound  of  fuel,  bed  not  included. 
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The  Greiner  attaclimeut  does  not  appear  to  have  increased  the  speed 
of  melting,  but  on  this  point  we  cannot  yet  speak  with  certainty, 
as  the  cupolas  have  not  been  pushed  to  their  full  capacity  for  any 
length  of  time.     They  last  frora  75  to  80  heats  on  one  patching. 

Between  the  cupolas  and  the  vessels  stand  the  ferro-raanganese 
heating- furnaces.  These  furnaces  were  originally  designed  to  heat 
lime  in  their  stacks.  At  the  speed  at  which  we  are  now  running  we 
do  not  find  this  to  be  necessary,  and  we  now  add  the  lime  cold.  The 
lime,  ferro,  and  scrap  are  hoisted  to  a  platform  in  the  roof,  whence 
they  are  fed  into  the  vessels  by  means  of  chutes. 

There  are  three  vessels,  two  of  10  (Fig.  8)  and  one  of  13  tons 
(Fig.  9)  nominal  capacity.  They  are  10  feet  in  diameter  at  the  trun- 
nions, and  17  feet  high  from  tuyere- plate  to  the  nose.  The  differ- 
ence in  capacity  is  due  to  the  shape  of  the  vessels.  The  smaller  are 
drawn  in  towards  the  tuyeres  below  the  trunnions,  while  the  larger 
is  straight  from  above  the  trunnions  to  the  joint.  We  find  the  latter 
to  be  the  preferable  shape. 

The  average  thickness  of  the  lining  is  15  inches,  which  is  rammed 
up  in  the  ordinary  manner  around  an  iron  or  wooden  ''  former  "  or 
core.  The  bottom  has  seven  tuyeres,  24  inches  long,  each  of  which 
has  seven  i^-inch  holes.  The  bottom  is  first  rammed  up  around  the 
tuyeres  and  put  on  the  vessel.  The  lining  is  next  rammed  up  and 
the  core  taken  out.  The  vessel  is  then  fired  until  it  is  thoroughly 
hot,  and  the  first  heat  is  taken  off  of  it  as  soon  as  possible.  After 
this  the  lining  will  stand  for  some  time  (two  or  three  days  in  sum- 
mer and  longer  in  winter)  without  deterioration  from  atmospheric 
causes.  It  takes  about  thirty-six  hours  to  ram  up  a  vessel,  or  about 
forty-eight  hours  from  heat  to  heat. 

The  average  life  of  a  lining  is  about  150  heats.  I  do  not  know 
the  average  life  of  a  bottom.  We  have  stopped  keeping  any  accu- 
rate record  of  them.  We  have  had  several  which  have  run  over 
1500  heats,  and  I  should  say  that  our  average  for  the  past  year  was 
between  800  and  1000  heats.  The  bottoms  now  on  the  vessels  have 
run  353,  266,  and  104  heats  respectively.  When  it  is  necessary  to 
repair  the  linings,  the  bottoms  are  removed,  and,  when  the  vessels 
are  ready  for  relining,  they  are  replaced  in  the  same  condition  as 
they  were  taken  off,  no  work  having  been  done  to  them  in  the  mean- 
time. The  last  bottom  was  lost  by  its  sticking  to  the  joint  as  it  was 
being  taken  off  to  repair  the  lining. 

During  the  six  months  ending  June  30th,  1892,  we  used  an  aver- 
age of  1.9  tuyeres  to  a  blow.  At  present  the  average  since  July  1st 
is  1.17  to  a  blow. 
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Fig.  8. 
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Fig.  9. 
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After  each  blow  the  bottom-plate  is  taken  off  and  the  tuyeres  are 
examined.  If  any  are  too  short,  they  are  knocked  out  by  means  of 
a  long  bar  run  in  from  the  nose,  new  ones  are  put  in,  the  plate  is  put 
on  again,  and  gentle  blast  is  turned  on  the  vessel.  "Slurry,"  con- 
sisting of  crushed  brick  and  tar,  is  thrown  in  until  the  holes  around 
the  tuyeres  are  all  filled  up,  and  the  bottom  has  been  brought  up  to 
the  original  level.  Strong  blast  is  then  turned  on,  and  the  vessel  is 
allowed  to  stand  a  short  time  for  the  "  slurry  "  to  set.  A  full  set  of 
tuyeres  can  be  changed  and  the  bottom  built  up  in  twenty  minutes 
or  less.  This  is  shown  by  the  fact  that  we  have  made  25  heats  in 
eleven  and  one-half  hours.  This  means  intervals  of  twenty-five 
minutes  between  blows,  or  fifty  minutes  between  blows  on  the  same 
vessel,  since  we  always  have  two  in  service  at  the  same  time.  We 
have  not  yet  reached  the  capacity  of  our  vessels. 

In  front  of  and  between  the  vessels  stand  two  hydraulic  cranes. 
These  cranes  raise,  swing,  rack  in  and  out,  and  tip  the  ladle  by 
power.  They  are  used  for  charging  the  vessels  and  taking  the  steel 
away  from  them. 

The  steel-ladle  is  placed  by  the  cranes  on  a  travelling  casting 
crane,  drawn  by  a  locomotive,  which  runs  along  the  side  of  the  pit. 
The  latter  is  straight  and  at  right  angles  to  the  converting-house. 
It  is  served  by  three  ordinary  Holley  cranes  and  one  Wellman  crane 
for  handling  the  ladles.  The  ladle  repair-shed  is  at  the  opposite  end 
of  the  casting-house  from  the  vessels.  The  hot  moulds  are  placed 
upright  upon  cast-iron  cars,  and  are  shifted  out  of  the  mill,  while 
the  ingots  are  sent  over  to  the  blooming-mill  in  an  upright  position. 
The  average  weight  of  our  ordinary  ingots  is  5500  pounds.  They 
are  17  J  by  20 J  inches  at  the  bottom  and  16  by  20  inches  at  the  top, 
by  78  inches  long.  We  are  obliged  to  use  many  d liferent  sizes  of 
moulds,  which  run  from  12  by  12  inches  to  24  by  24  inches  in 
squares,  and  from  12  by  16  inches  to  10  by  31  inches  in  rectangles. 
The  heaviest  ingots  weigh  about  7000  pounds  each,  and  the  lightest 
3000  pounds. 

The  blooming-train  is  36  inches  between  pinion-centers.  The 
rolls  are  30  inches  in  diameter  on  the  collars,  with  grooves  2  inches 
.  deep.  They  have  32  inches  rise,  so  that  a  36-inch  slab  can  be 
edged  up,  if  necessary.  This  is  somewhat  hard  upon  the  mill,  how- 
ever, as  the  spindle  is  a  little  short  for  so  great  a  rise.  The  grooves, 
in  the  set  commonly  used,  are  10,  7,  5,  and  4  inches  in  width,  with 
a  30-inch  "bull-head"  in  the  middle.  On  these  rolls  we  have 
rolled  squares  from  4  by  4  inches  to  15  by  15  inches,  and  flats  from 
VOL.  XXI. — 48 
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12  by  1^  inches  to  30  by  4  inches.  The  train  is  driven  by  a  40  by 
48  inch  Southwark  reversing-engine. 

The  ingots  are  heated  in  three  upright  or  Hainsworth  furnaces. 
Two  of  thena  have  two  pits  each,  while  the  other  has  four  pits.  The 
ingots  from  No.  3  furnace  are  swung  directly  from  the  pit  into  a 
tilting  chair,  which  places  them  on  the  table.  They  run  down  this 
table  by  gravity  until  they  reach  the  driven  roll-tables.  These  roll- 
tables  are  much  too  light  for  the  ingots  they  are  now  handling,  and 
will  soon  be  replaced  by  heavier  ones.  They  were  originally  de- 
signed to  handle  ingots  weighing  not  over  3000  pounds  each.  The 
new  tables  will  have  rollers  12  inches  in  diameter,  and  IJ  inches 
thick,  with  6-inch  journals  cast  on  them.  The  journals  will  run  in 
cast-iron  bushings,  slipped  into  square  boxes,  which  latter  are 
dropped  into  recesses  cast  in  the  roller-housings. 

At  present  we  have  but  53  feet  from  the  rolls  to  the  shears,  but 
with  the  new  tables  we  shall  have  163  feet.  The  shears  are  of  the 
geared  guillotine  type,  with  two  speeds.  They  were  guaranteed  to 
cut  a  slab  6  by  30  inches  or  180  square  inches  area,  but  will  not 
stand  such  heavy  work.  We,  therefore,  limit  ourselves  to  100 
square  inches  of  section.  To  remedy  this  drawback,  and  for  other 
purposes,  we  propose  to  put  in  a  hot  saw,  capable  of  cutting  a 
square  15  by  15  inches  or  a  slab  36  by  7  inches  in  size. 

We  are  also  erecting,  in  connection  with  the  new  tables  and  shears, 
a  wire-rope,  billet-  and  slab-conveyor,  built  by  the  Trenton  Iron 
Company.  It  is  similar  in  general  design  to  the  one  built  by  them 
for  the  Well  man  Iron  and  Steel  Company,  which  was  designed  by 
Mr.  S.  T.  Wellman.  This  conveyor  will  cover  about  700  feet  avail- 
able loading  space.  The  slabs  and  blooms  will  be  loaded  on  to  the 
cars  by  Yale  and  Towne  locomotive  cranes  (one  of  which  is  now  in 
operation).  It  is  also  proposed  to  load  the  nail-slabs  for  our  own 
consumption  directly  from  the  conveyor  on  to  iron  cars. 

The  blacksmith-shop  is  situated  at  the  southwest  corner  of  the 
blooming-mill.  It  contains  nine  fires,  one  6o0-pound  Morgan  ham- 
mer, and  one  1000-pound  Sellers  hammer. 

The  last  building  in  the  line  is  the  bloming-mill  boiler-  and  pro- 
ducer-house. It  contains  three  Wellman  producers,  and  eight  re- 
turn-tubular boilers,  similar  in  most  respects  to  those  already  de- 
scribed. The  only  difference  is  that  these  boilers  have  a  separate 
stack  each,  while  the  others  have  one  stack  to  each  pair.  For  these 
boilers,  buckwheat  anthracite  coal  is  used  exclusively.  One  of  them 
is  fitted  with  a  McClave  grate.     With   the  Sheffield  grate  we  have 
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evaporated  10.37  pounds  of  water  with  one  pound  of  combustible, 
while  with  the  McClave  grate  we  have  evaporated  9.63  pounds  of 
water  with  one  pound  of  combustible,  from  and  at  212°  F. 

The  above  description,  taken  in  connection  with  the  general  plan, 
will  serve  to  give  a  fair  idea  of  the  design  of  the  plant  and  part  of 
the  practice.  I  will  add  a  few  words  as  to  our  practice  in  conver- 
sion. This  practice  is  largely  built  upon  that  developed  by  Mr. 
Ernst  Bertrand,  now  director  of  the  steel-works  and  rolling-mills  of 
the  Prayer  Eisenindustriegcsellsehajt  at  K lad  no,  Bohemia,  and  for- 
merly superintendent  of  the  steel-works  of  the  Teplitzer  Wahwerk. 
Mr.  Bertrand  acted  as  our  consulting  engineer  for  several  years,  and 
we  are  deeply  indebted  to  him  for  much  very  valuable  information 
and  suggestion,  both  in  the  design  of  the  plant  and  in  the  carrying 
out  and  development  of  the  process. 

The  pig-iron  we  use  has  about  the  following  composition  in  per- 
centage: Silicon,  from  0.5  downwards;  sulphur,  from  0.02  to  0.04; 
manganese,  about  0.80,  and  phosphorus,  from  2.50  to  3.00.  The 
cupola  mixture  is  so  arranged  as  to  contain  about  0.3  or  less  of  sili- 
con, 0.03  or  less  of  sulphur,  0.8  of  manganese,  and  phosphorus  as 
required  by  circumstances.  Phosphorus  is,  of  course,  our  principal 
heat-giving  element,  and  the  amount  of  it  in  the  charge  is  regulated 
on  that  basis.  If,  for  any  reason,  such  as  slow  running  or  cold 
melting,  we  need  more  heat  at  the  pit,  the  phosphorus-content  of  the 
charge  is  increased.  On  the  other  hand,  it  is  decreased  if  we  are 
running  too  hot. 

After  the  bed  has  been  put  in  the  cupola  the  fuel  is  charged  in 
1000-pound  lots,  the  amount  of  metal  charged  being  then  regulated 
by  the  rapidity  of  melting  and  the  initial  temperature  of  the  melted 
iron.  The  iron  should  be  charged  into  the  vessel  as  hot  as  possible, 
as  the  tendency  to  "slop"  is  thereby  greatly  reduced. 

The  lime,  of  which  we  use  from  11  to  13  per  cent.,  is  charged 
cold  into  the  vessel,  and  the  iron  is  poured  directly  upon  it.  The 
lime  used  for  the  basic  additions  must  be  as  pure  as  possible. 

The  two  blowing-engines  are  run  at  50  revolutions  per  minute. 
A  boy  sits  at  the  throttle  of  each  engine  and  keeps  them  at  a  regular 
and  similar  speed  by  means  of  the  speed-indicator  on  each  engine. 
This  is  done  to  insure  accurate  counting  of  the  revolutions,  and 
could,  of  course,  be  avoided  if  the  engines  were  coupled  together. 
We  have  attained  such  regularity,  however,  that  the  engines  do  not 
vary  from  each  other  more  than  five  revolutions  in  a  thousand. 
The  blast-pressure  is  maintained  at  about  two  atmospheres,  or  from 
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28  to  30  pounds  per  square  inch.  Each  engine  is  connected  with 
two  revolution-counters,  placed  in  the  blowing-pulpit.  These  four 
counters  are  so  arranged  that  the  movement  of  a  lever  will  throw 
either  pair  into  operation,  or  all  of  them  upon  a  dead-center.  When 
the  vessel  is  turned  up  the  lever  is  thrown  to  the  right,  and  one 
counter  from  each  engine  goes  into  operation.  When  the  "change" 
comes,  the  lever  is  thrown  full  over  to  the  left,  and  the  other  pair  of 
counters  starts  to  work.  As  all  the  counters  are  set  to  zero  before 
the  blow  begins,  the  number  of  revolutions  required  for  each  division 
of  the  blow  is  thus  obtained  without  danger  of  misreading  the  figures 
and  without  the  necessity  for  any  calculation. 

During  the  blow,  scrap,  if  needed,  can  be  added  at  any  time 
by  means  of  the  lime-chutes.  Scrap  is  only  added  for  the  purpose 
of  regulating  the  temperature  of  the  steel,  should  it,  for  any  reason, 
be  running  too  hot  during  the  blow.  This  is,  of  course,  the  same 
practice  as  has  always  been  used  in  the  acid  process,  for  the  same 
purpose. 

The  best  results  are  obtained  by  keeping  the  metal  as  hot  as  pos- 
sible during  the  first  part  of  the  blow,  and  then  cooling  it  down  to 
a  point  which  will  just  allow  the  cast  to  be  made  without  "skull" 
in  the  ladle.  It  is  much  better  to  have  a  small  "  skull  "  than  to 
cast  the  metal  too  hot.  High  initial  temperature  prevents  loss  from 
"  slopping,"  while  comparatively  low  final  temperature  insures  a 
sufficiently  viscid  slag  to  prevent  rephosphorization  in  the  ladle.  If 
the  slag  is  too  thin,  either  from  too  high  a  temperature,  or  because 
it  has  a  low  melting-point  on  account  of  not  being  basic  enough,  it 
will  dissolve  the  silica  ladle-lining.  This  will  set  up  reactions  which 
allow  some  of  the  phosphorus  to  pass  back  from  the  slag  into  the 
steel.  This  fact  has  been  proved  by  taking  samples  from  the  vessel 
before  pouring,  and  others  from  the  ingots  as  cast.  If  the  slag  is 
too  thin,  the  latter  are  invariably  higher  in  phosphorus.  It  is  also 
shown  by  the  fact  that,  in  the  rare  cases  where  there  is  any  differ- 
ence between  the  ingots,  the  last  one  is  invariably  the  highest  in 
phosphorus. 

The  "  change  "  is  determined  by  means  of  the  spectroscope.  The 
length  of  the  after-blow  is  determined  by  the  amount  of  air  blown 
through  the  metal.  This  amount  is  measured  by  counting  the  revo- 
lutions  of  the  blowing-engines,  as  explained  above.  In  deciding 
when  to  turn  down  the  vessel,  we  pay  no  attention  to  the  element  of 
time,  or  to  any  indications  given  by  the  smoke  or  flame. 

The  average  length  of  the  blow,  on  our  present  charge  of  26,000 
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pounds  is  16  minutes.  The  fore- blow  averages  11  minutes  and  the 
after-blow  5  minutes,  in  length.  We  have  had,  however,  many- 
blows  lasting  from  20  to  25  minutes.  The  longest  blow  was  52 
minutes,  and  the  shortest  8  minutes.  The  latter  was  made  on  a 
charge  of  only  18,000  pounds.  The  longest  after-blow  was  18  min- 
utes, and  the  shortest  1  minute  and  18  seconds.  The  latter  was 
made  on  an  18,000-pound  charge  also. 

As  the  vessel  turns  down,  the  ferro  is  dropped  into  it  by  means 
of  the  lime-chutes.  The  ferro  passes  immediately  through  the  slag, 
but  is  hardly  melted  before  the  vessel  comes  to  rest  in  the  horizon- 
tal position,  the  interval  being  only  about  2  seconds.  We  use  from 
0.6  to  0.8  per  cent,  of  an  80-per  cent,  ferro-manganese. 

About  two-thirds  of  the  charge  is  first  poured  into  the  casting 
ladle.  When  the  slag  begins  to  flow  over  the  slag-spout  the  pour- 
ing is  stopped,  and  from  1.0  to  1.5  per  cent,  of  a  10  per  cent,  spiegel 
is  thrown  into  the  ladle.  The  pouring  is  then  completed.  The 
casting  is  done  as  slowly  as  possible,  through  a  2-inch  nozzle. 
Every  care  is  taken  to  make  the  steel  solid.  The  mould  is  filled  up 
to  the  height  of  the  ingot,  allowed  to  settle,  again  filled  up,  and  so 
on  until  no  more  metal  can  be  gotten  in.  Towards  the  last  not 
more  than  30  to  50  pounds  can  be  added  at  a  time.  In  this  way  a 
very  solid  ingot  is  obtained.  In  spite  of  the  very  low-carbon  steel 
which  is  made,  the  metal  rarely  rises  in  the  mould  after  pouring 
ceases;  in  fact  it  generally  sinks  a  little.  The  cap  used  is  simply  a 
cast-iron  plug  which  is  laid  on  the  top  of  the  metal  without  being 
keyed  down.     No  sand  is  used  in  capping. 

During  casting,  one  or  two  4-inch  ingots,  weighing  about  50 
pounds  each,  are  made  for  testing-purposes.  The  tests  made  from 
these  ingots  form  a  very  important  part  of  our  process,  and  upon 
them  depends,  in  a  large  measure,  the  success  we  have  reached  in 
making  very  soft  steel.  The  test-ingot  is  taken  to  the  blacksmith 
shop,  and  brought  up  to  an  even  white  heat.  It  is  forged  down  as 
quickly  as  possible  under  the  1000-pound  hammer  to  a  bar  1 J  inches 
square.  From  this  bar  two  pieces  8  inches  long  are  cut  off.  The 
first  indications  of  the  quality  of  the  steel  are  obtained  from  this 
forging.  The  hammer-marks  should  be  perfectly  sharp  and  dis- 
tinct, without  cracks  of  any  kind.  The  bars  are  heated  to  a  full  • 
cherry-red.  One  of  them  is  chilled  in  cold  water,  and  the  other  is 
laid  on  a  piece  of  fire-brick,  where  it  is  allowed  to  cool  off  slowly. 

The  chilled  piece  is  placed  on  an  anvil  across  a  V-shaped  open- 
ing.    This  V  is  5  inches  wide  at  the  mouth  and  2J  inches  deep.     A 
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small  fuller  is  laid  on  the  bar,  and  it  is  struck  with  comparatively 
liojht  blows  by  the  650-pound  hammer,  until  it  is  bent  down  into 
the  V.  The  number  of  these  blows  is  counted.  The  piece  is  then 
reversed  and  struck  again  until  it  is  either  broken  or  bent  down  into 
the  V.  This  operation  is  kept  up  until  the  bar  is  broken.  The 
heat-number  and  the  number  of  blows  required  each  way,  are 
stamped  on  the  pieces,  as  follows  :  say,  8197  ^  '.  This  means  that 
it  required  six  blows  in  one  direction,  four  in  the  other,  and  one 
after  the  second  reversal,  to  break  the  bar.  This  work  should  be 
done  under  a  drop-hammer,  in  order  to  insure  perfect  similarity  in 
the  force  of  the  blows  for  all  tests.  The  fracture  of  this  test-piece  is 
used  as  an  indication  of  the  degree  of  hardness  of  the  steel,  taken  in 
connection  with  the  number  of  blows  required  to  break  it.  The 
surface  is  also  examined  for  flaws  of  all  kinds,  such  as  checks  or 
cracks  on  the  edges,  V-shaped  cracks  on  the  sides,  scabs,  etc.  The 
number  of  blows  and  the  appearance  of  the  fracture  and  surface  of 
the  test-piece  are  entered  on  the  report  by  means  of  a  set  of  symbols. 
This  is  done  for  all  the  tests,  and  preserves  a  complete  description  of 
them,  which  can  be  referred  to  at  any  time  in  the  future. 

The  unchilled  piece  is  treated  in  the  same  way.  The  surface  and 
edges  give  the  same  indications  as  does  the  chilled  piece,  and  merely 
confirm  or  correct  them.  The  fracture,  however,  gives  an  accurate 
measure  of  the  amount  of  phosphorus  contained  in  the  steel.  From 
its  appearance  the  amount  of  phosphorus  can  be  read  by  a  skilled 
observer  to  within  0.01  per  cent.  That  is,  the  difference  between 
0.04  and  0.06  per  cent,  is  very  perceptible,  when  one  knows  how  to 
see  it. 

After  the  IJ-inch  tests  have  been  cut  off  the  original  bar,  it  is 
forged  down  to  |^-inch  square,  and  three  pieces  10  inches  long  are 
cut  off.  Two  of  these  pieces  are  heated  to  the  same  temperature  as 
are  the  1^-inch  pieces.  One  of  them  is  chilled  in  cold  water,  and 
the  other  is  allowed  to  cool  slowly  on  a  piece  of  fire-brick.  The 
chilled  piece  is  nicked  2  inches  from  one  end,  and  the  short  piece  is 
broken  off.  This  fracture  is  simply  intended  to  confirm  the  indica- 
tions given  by  the  1^-inch  piece.  The  longer  piece  is  bent  on  a 
bending-machine  until  it  shows  a  crack.  This  test  gives  one  of  the 
best  indications  of  the  softness  of  the  steel,  and  is  used  for  grading  it 
according  to  Tunner's  scale  (Fig.  10).  For  the  purpose  of  allowing 
closer  grading,  the  scale  has  been  extended  from  seven  to  twenty-two 
divisions.  This  has  been  done  by  adding  a  hard  and  a  soft  grade  to 
each  of  the  original  seven,  and  an  extra  soft  grade  at  the  end.    That 
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is,  there  is  a  7  hard  (7h),  a  7  even  (7 — ),  a  7  soft  (7s),  and  a  7  extra 
soft  (7ss) ;  and  the  same  for  the  harder  grades.  We  are  rarely 
called  upon  to  make  a  steel  harder  than  5s. 

Fig.  10. 
tunner's    scale    of    hardness. 


N9 


ANGLE    OF   FRACTURE. 


TEXTUR  E. 


5h. 


Very  fine  crystals. 


5. 


Fine  crystals. 


5s. 


Fine  crystals;  little,  fiber  on  edges. 


Large  crystals;  little  fiber  on  edges. 


Rather  more  crystalline  than  fibrous. 


6s. 


^ 


Rather  more  fibrous  than  crystalline. 


7h. 


3^ 


Fibrous  with  crystals  in  center. 


7. 


Fibrous  with  little  crystals  in  center. 


7s. 


3= 


Entirely  fibrous. 


The  other  |-inch  piece  is  treated  in  the  same  way,  and  the  results 
are.  used  to  check  those  obtained  from  the  other  tests.  These  four 
tests  enable  us  to  grade  our  steel  very  closely  for  chemical  composi- 
tion, and  for  physical  properties  when  cold.  This  grading  is  done 
while  the  ingots  are  still  in  the  blooming-mill  furnaces,  and  the  steel 
is  assigned  to  the  various  orders  according  to  the  grade  shown. 

We  also  have  a  test  for  red-shortness,  called  the  "  ear-test,"  which 
is  very  searching.  It  is  for  this  test  that  the  third  |-inch  piece  is 
used.  It  is  first  drawn  out  to  a  rather  blunt  point,  and  then  flattened 
out  to  j\  inch  (5  mm.)  thick.  This  gives  a  lenticular  piece  about  IJ 
inch  wide,  6  inches  long,  and  ^  inch  thick,  with  a  stem  at  the  wide 
end.  The  pointed  end  is  slit  for  about  1^  inches  and  two  f-inch 
holes  are  punched  through  the  metal.  The  first  hole  is  ^  inch  from 
the  slit,  and  the  second  is  J  inch  behind  the  first.  The  ears  formed 
by  the  slit  are  turned  away  from  each  other,  until  they  stand  at 
right  angles  with  the  axis  of  the  test-piece.  The  holes  are  then 
drifted  out  to  IJ  inches  in  diameter,  and  the  ears  are  turned  back 
until  they  almost  touch  the  sides.     This  may  seem  a  very  compli- 
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cated  proceeding  in  the  description,  but  it  is  very  simple  in  reality. 
The  metal  is  kept  at  a  bright  cherry-red  during  the  whole  pro- 
cess, being  heated  as  often  as  is  necessary.  It  is  a  very  sensitive 
test,  when  well  made,  and  reveals  the  slightest  trace  of  red-short- 
ness.    Figs.  1  to  7  illustrate  the  stages  of  this  test. 

These  tests  show  very  clearly  the  quality  of  the  steel  produced, 
and,  therefore,  the  result  of  the  treatment  to  which  the  charge  has 
been  subjected.  They  form  the  criteria  for  judgment  as  to  the  suc- 
cess of  each  operation,  and  determine  how  the  next  one  is  to  be  car- 
ried out.  By  a  long  series  of  observations,  it  has  been  determined 
how  much  deoxidizer  and  recarburizer  is  required  for  any  given 
number  of  revolutions  per  ton  of  pig-iron  necessary  to  make  dead 
soft  steel ;  that  is,  if  the  tests  show  that  a  certain  number  of  revolu- 
tions per  ton  of  pig-iron  charged,  say  40,  is  necessary  to  make  the 
softest  steel,  very  low  in  phosphorus  and  free  from  red-shortness, 
then  a  certain  definite  amount  of  deoxidizer  must  be  used.  This 
amount  of  deoxidizer,  under  these  conditions,  will  give  a  steel  con- 
taining about  0.06  per  cent,  of  carbon,  and  0.25  per  cent,  of  manga- 
nese, with  0.03  per  cent,  or  less  of  phosphorus,  and  0.03  per  cent,  or 
less  of  sulphur.  This  practice  presupposes  that  the  pig-iron  used  is 
regular  in  composition.  It  is  impossible,  in  making  the  best  grades 
of  steel,  to  mix  irons  or  scrap-of  greatly  varying  composition  in  the 
cupola-charge,  and  then  to  get  a  sufficiently  regular  metal  as  it 
comes  from  the  cupola.  The  various  constituents  of  the  charge  have 
different  melting-points,  and,  therefore,  will  melt  at  different  times, 
or  rates  of  speed.  The  melted  cupola-metal  will  show  considerable 
variations  under  these  conditions.  For  the  very  best  work,  there- 
fore, it  is  necessary  to  have  a  regular  mixture.  For  ordinary  work, 
say  for  steel  containing  about  0.10  percent,  of  carbon,  0.06  percent, 
of  phosphorus,  and  0.40  per  cent,  of  manganese,  this  is  not  so  neces- 
sary, as  successive  heats  will  not  vary  enough  to  do  any  harm  under 
our  system  of  treating  each  blow  according  to  the  indications  given 
by  the  one  immediately  preceding  it. 

When  a  heat  is  blown,  the  tests  are  very  carefully  examined.  If 
they  are  normal  for  the  grade  of  steel  desired,  the  next  heat  is  blown 
in  the  same  way,  and  the  same  amount  of  recarburizers  is  used.  If 
the  tests  show  too  much  phosphorus,  the  number  of  revolutions  per 
ton  of  iron  charged  is  increased,  and  also  the  deoxidizers  in  propor- 
tion. If  the  steel  is  low  in  phosphorus  but  red-short,  the  number 
of  revolutions  per  ton  is  decreased.  High  phosphorus,  together  with 
red-shortness,  indicates  that  the  number  of  revolutions  per  ton  is  too 
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small,  and  that,  through  some  error,  the  amount  of  recarburizer  is 
too  low  in  proportion  to  the  number  of  revolutions  per  ton.  This 
latter  is  a  very  rare  combination,  and  is  generally  due  to  some  mis- 
take of  the  weigh-raaster's. 

In  this  manner  the  tests  of  one  heat  not  only  indicate  the  quality 
of  the  metal  made,  but  they  also  furnish  explicit  directions  as  to 
how  the  next  heat  is  to  be  operated  upon.  Besides  these  tests,  the 
carbon,  phosphorus,  and  manganese  are  determined  chemically  in 
each  heat,  and  the  sulphur  in  every  fourth  heat.     These  analyses  are 
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used  principally  to  check  the  other  tests,  and  in  that  way  to  keep 
the  graders  up  to  their  work.  • 

As  a  matter  of  general  interCv't,  I  may  add  that,  working  single 
turn,  we  have  made  25  heats  in  twelve  hours,  the  average  being  20 
heats.  The  blooming-mill  has  rolled  250  tons  of  ingots,  in  one 
turn,  into  assorted  sizes,  mostly  nail-slabs.  We  have  been  running 
double-turn  only  since  the  1st  of  September  last,  and  the  best  we 
have  yet  done  is  38  heats  in  twenty-four  hours.  There  is  no  reason 
why  we  should  not  surpass  our  single-turn  record  when  the  new 
men  are  thoroughly  broken  in. 

As  an  indication  of  the  quality  and  regularity  of  the  steel  which 
is  made,  I  add  a  few  analyses,  etc. 

Table  I.  is  a  partial  transcript  of  the  report  of  a  single  day's 
work. 

Table  II.  is  a  series  of  5  heats  in  which  a  sample  was  analyzed 
from  each  of  the  four  ingots. 
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.030 

.440 

2 

.09 

.050 

.430 

3 

.10 

.050 

.450 

4 

.09 

.050 

.450 

Table  III.  is  a  series  of  eight  samples  from  each  of  the  four 
ingots  of  Blow  No.  5584.  The  ingots  were  16 J  by  20|  inches  by 
78  inches,  and  were  rolled  into  slabs  19|  by  2J  inches  in  section. 
The  first  sample  was  cut  off  2  feet  from  the  top  end,  and  the  others 
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were  cut  off  at  intervals  of  4  feet.  We  have  made  many  such  sets 
of  analyses  as  those  contained  in  Tables  II.  and  III.^  all  of  which 
show  about  the  same  results  as  those  given. 

I  have  also  added  a  table  of  the  symbols  used  in  recording  the 

tests. 

Table  III. 


Ingot  No.  I^^^J*^^ 

C. 

s. 

P. 

Mn. 

Remarks. 

1st  Ingot 
cast. 

1 

2 
3 
4 
5 
6 
7 
8 

.06 
.06 
.06 
.07 
.06 
.06 
.07 
.06 

0!030 

.020 
.020 
.020 
.020 
.020 
.030 
.030 
.020 

.205 
.205 
.210 
.215 
.220 
.220 
.230 
.195 

Blow  :No.  5584. 

2d  Ingot 
cast. 

9 
10 
11 
12 
13 
14 
15 
16 

.06 
.05 
.05 
.07 
.05 
.05 
.07 
.07 

.030 

.025 
.025 
.025 
.025 
.030 
.020 
.030 
.020 

.205 
.210 
.210 
.210 
.220 
.225 
.210 
.210 

Blow  No.  5584. 

3d  Ingot 
cast. 

17 
18 
19 
20 

21 
22 
23 
24 

.06 
.07 
.06 
.07 
.07 
.07 
.07 
.07 

.029 

.025 
.025 
.020 
.025 
.020 
.020 
.025 
.020 

.205 
.210 
.205 
.200 
.210 
.20-) 
.210 
.220 

Blow  No.  5584. 

4th  Ingot 
cast. 

25 
26 
27 
28 
29 
30 
31 
32 

.07 
.07 
.06 
.07 
.07 
.06 
.07 
.07 

.033 

.025 
.025 
.025 
.025 
.020 
.025 
.025 
.025 

.190 
.175 
.175 
.215 
.190 
.195 
.180 
.200 

Blow  No.  5584. 

These  samples  were  cut  every  four  feet  from  a  19  X  2^  inch  slab,  rolled  out  of  a 
161  X  20i  X  78  inch  ingot — four  ingots  in  one  heat. 
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Description  of  Tests. 


EAR  TEST. 

ff. 

Extra  fine.     Perfectly  smooth  and  no  cracks. 

f. 

Fine.     May  have  a  small  crack. 

g- 

Good.     May  have  a  few  cracks. 

bl. 

Blow-holes. 

Bl. 

Large  blowrholes. 

rsh. 

Poor.     Ears  partly  broken. 

Rsh. 

Very  poor.     Badly  red-short ;  ears  gone. 

r. 

Poor.    Cracked  on  edges. 

R. 

Very  poor.     Badly  cracked  on  edges. 

%-IN.  TEST. 

Fracture. 

Surface. 

f. 

Fibrous ;  ragged. 

r.  &K. 

Cracked  on  edges. 

F. 

Fibrous  ;  silky. 

bis.  &  Bis. 

Striated. 

c.  &C. 

Crystalline. 

s.  &S. 

Scaly. 

cbl.  &  Cbl. 

Cryst'l'neplates;  red-short 

> 

More. 

bl.  &  Bl. 

Blow-holes. 

< 

Less. 

k. 

Compact. 

134-IN.  TEST. 

Same  as  %-In.  Test,  and  also 

fc. 

Fibres  just  beginning. 

g- 

Smooth  all  over. 

..    { 

Less  fibres  around  edge. 
More  crystals  in  center. 

vc. 

V-shaped  cracks. 

Ef.      { 

Fibrous  around  edge. 
Crystalline  in  center. 

Vc. 

Large  V-shaped  cracks. 

COLOR  OF  FRACTURE. 

gl.  &  Gl. 

Brilliant  and  glistening. 

1.  &L. 

Lustrous. 

m. 

Dull. 

d. 

Dark. 

b. 

Blue. 

si. 

Silver-white. 

pi.  &  PI. 

Phosphorous  lustre. 

plx.  &  Plx. 

PhosphVuslustre  with  X. 
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OBSERVATIONS  ON  THE  RELATIONS  BETWEEN  THE 

CHEMICAL  CONSTITUTION  AND  PHYSICAL 

CHARACTER  OF  STEEL. 

BY  WILLIAM  R.    WEBSTER,   PHILADELPHIA,   PA. 

(Schuylkill  Valley  Meeting,  Reading,  October,  1892.) 

An  investigation  has  been  made  of  500  samples  of  universal  and 
sheared  plates  of  basic  Bessemer  and  basic  open-hearth  steel  manu- 
factured by  the  Pottstowu  Iron  Company,  the  carbon-limits  being 
0.07  to  0.18  per  cent.  Through  the  courtesy  of  Mr.  AV,  H.  Morris, 
President,  I  am  able  to  lay  before  the  Institute  the  results  of  these 
tests.  The  samples  tested  were  all  taken  from  the  finished  material, 
and  the  chemical  determinations  were  made  on  drillings  from  the 
broken  test-pieces,  which  were  sent  to  the  chemist  without  giving 
him  the  heat-numbers.  The  results  are  such  as  to  encourage  me  to 
keep  on  with  the  work,  and,  if  possible,  to  have  it  carried  out  on 
other  steels.  It  is  with  this  view  that  I  now  offer  my  tables  in  their 
incomplete  form. 

My  first  table  was  constructed  by  grouping  the  tests  according  to 
chemical  analysis  in  various  ways,  and  making  a  rough  tabulated 
statement,  from  which  the  ultimate  strengths  were  worked  out  and 
carefully  compared  with  the  actual  results  of  the  tension-tests.  From 
data  thus  obtained,  one  table  after  another  was  worked  out,  and  by 
this  method  of  cutting  and  trying"  I  finally  arrived  at  the  results 
which  I  now  present  in  Table  I.  (p.  771).  I  do  not  claim  absolute 
accuracy,  but  iny  approximations  have  proved  to  be  so  close  that  the 
figures  are  practical  data  for  current  use  at  the  works. 

The  indications  are  that  a  pure  iron,  without  carbon,  phosphorus, 
manganese,  or  silicon,  if  it  could  be  obtained,  would  give  38,000 
pounds  ultimate  strength.  This  is  assumed  as  a  base,  and  to  it  is 
added  the  effect  of  each  of  the  above  elements,  as  explained  below. 
The  upper  part  of  Table  I.  gives  the  ultimate  strength  due  to  carbon 
and  phosphorus,  and  is  the  same  for  both  basic  Bessemer  and  basic 
open-hearth  steels.  The  lower  part  gives  the  increase  in  ultimate 
strength  due  to  manganese.  By  adding  this  to  the  amount  obtained 
from  tiie  upper  part,  we  have  the  ultimate  strength  of  basic  Bes.semer 
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steel  due  to  the  three  elements  named.  In  basic  open-hearth  steel 
about  2100  pounds  should  be  deducted  from  the  addition  for  man- 
ganese. I  should  add,  however,  that  on  this  material  ray  observa- 
tions are  few  compared  with  those  on  the  former. 

Carbon  is  credited  with  a  constant  effect  of  800  pounds  per  each 
0.01  per  cent. 

Phosphorus  shows  greater  effect  in  high-carbon  than  in  low-carbon 
steels.  For  0.07  and  0.08  C,  it  has  about  the  same  effect  as  carbon, 
that  is,  800  pounds  for  each  .01  P.  This  increases  to  1500  pounds 
per  .01  P  in  0.15  C  steel,  or  nearly  twice  the  effect  of  carbon.  This 
increase  in  the  effect  of  phosphorus  as  carbon  increases  is  gradual, 
proceeding  about  as  follows: 


For  Carbon. 

Hundredths 

Per  cent. 

Increase  of  Ultimate  Strength 

Per  0.01  Per  cent.  P  Added. 

Lbs. 

Effect  of  Unit  of 

P  to  Unit  of  C. 

as  1  to 

9 

900 

H 

10 

1000 

H 

11 

1100 

If 

12 

1200 

n 

13 

1300 

If 

14 

1400 

If 

15 

1500 

11 

16 

1500 

n 

17 

1500 

n 

The  effect  per  unit  of  manganese  seems  to  decrease  as  the  percent- 
age of  this  element  increases.  For  instance,  steels  of  0.20  and  0.30 
Mn  show  greater  difference  in  ultimate  strength  than  steels  of  0.50 
to  0.60  Mn,  all  other  elements  being  the  same.  I  have  endeavored 
to  cover  this  point  irrespective  of  the  percentage  of  carbon  or  phos- 
phorus, but  upon  further  investigation  it  may  be  necessary  to  take 
one  or  both  of  these  elements  into  account  in  estimating  the  effect  of 
high  and  low  manganese. 

Assuming  the  first  addition  of  0.15  per  cent,  manganese  to  increase 
the  ultimate  strength  3600  pounds,  we  conistruct  the  table  on  page  768. 

Silicon  is  so  very  low  in  this  steel  (there  being  only  a  trace  of  it) 
that  it  has  not  been  considered  at  all.  With  other  steels  it  should  be 
considered,  and  its  effect  should  be  grouped  with  some  one  of  the 
other  elements  in  such  a  way  that,  by  the  use  of  two  tables,  we  could 
at  once  add  together  the  results  and  get  the  ultimate  strength  indi- 
cated by  all  four  "  hardeners." 

Sulphur  has  not  been  taken  into  account.  I  hope  to  investigate 
its  effects  carefully  at  some  future  time. 
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Increase  in  Ultimate  Strength  by  Successive  Increments  of  Manganese. 


Manganese. 
Per  cent. 

Increase  in 
Ultimate  Strength. 

Total  Increase  in 

Ultimate  Strength, 

From  0.  Manganese. 

From           To 
0.00         0.15 

Lbs.  per  Square  Inch. 
3600 

Lbs.  per  Square  Inch. 
3,t)00 

0.15         0.20 

1200 

4,800 

0.20        0.25 

1100 

5,900 

0.25        0.30 

1000 

6,900 

0.30         0.35 

900 

7,800 

0.35         0.40 

800 

8,600 

0.40        0.45 

700 

9,300 

0.45        0.50 

600 

9,900 

0.50        0.55 

500 

10,400 

0.55        0.60 

500 

10,900 

0.60        0.65 

500 

11,400 

I  have  endeavored  to  represent  graphically  in  Fig.  1  the  effect  of 
each  element  as  explained  above.  The  phosphorns  units  are  laid  off 
as  ordinates  above  0.0  and  the  manganese  units  as  ordinates  below 
0.0.  The  carbon  units  and  ultimate  strengths  are  plotted  as  ab- 
scissae. 

The  phosphorus  lines  are  straight,  but  incline  more  and  more  to 
the  right  as  the  effect  increases  with  the  higher  carbons. 

The  manganese  lines  are  curves,  and,  as  the  effect  per  unit  de- 
creases with  increase  of  this  element,  the  lines  become  nearer  vertical. 

Table  I.  corresponds  with  this  diagram  in  every  respect. 

In  all  rolling-mill  work  it  is  generally  conceded  that  the  tem- 
perature at  which  the  material  leaves  the  rolls  is  an  important  ele- 
ment, as  effecting  the  ultimate  strength  and  elongation  of  the  finished 
product.  This  is  a  hard  matter  to  control,  and  the  difficulty  is 
greatly  increased  with  long,  wide,  or  extremely  thin  plates,  all  of 
which  would  naturally  be  finished  a  little  colder  and  would  there- 
fore give  higher  ultimate  strengths,  while  the  chances  are  that  very 
thick  plates  will  be  finished  too  hot.  On  tonnage-work  it  is  not 
easy  to  hold  material  back  in  rolling;  and  the  temperature  at  finish- 
ing is  controlled  in  various  ways  at  different  mills,  with  more  or  less 
success.  But  the  difficulty  is  not  recognized  at  all  by  the  engineers 
in  their  specifications,  who  ask  for  the  same  results  in  all  widths 
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Fig.  1. 


>C 


Phosphorus 
y^ . 


"^  rr- 


Slauganese 


7n 


Graphic  representation  of  Table  I. 
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and  thicknesses.    Table  II.  indicates  approximately  what  these  varia- 
tions will  be,  even  when  great  care  is  used. 


Table  I. — Estimated  Ultimate  Strengths: 
For  Carbon,  .07  to  .17  ;  Phosphorus,  .005  to  .10  ;   Manganese,  .000  in  all  eases. 


Carbon>= 


P  =  .005 


.01 
.015 


.02 
.025 


.03 
.035 


.04 

.045 


.05 
.055 


.06 

.065 


.0' 
.075 


.09 
.096 


.10 


001P  = 


.07 


44,000 


44,400 
44,800 


45,200 
45,600 


46,000 
46,400 


46,800 
47,200 


47,600 
48,000 


48,400 
48,800 


49,200 
49,600 


50,000 
50,400 


50,800 
61,200 


44,800 

45,200 
45,600 

46,000 
46,400 

46,800 
47,200 

47,600 
48,000 

48,400 
48,800 

49,200 
49,600 

50,000 
50,400 

60,800 
51,200 

61,600 
52,000 

52,400 


45,650 

46,100 
46,550 

47,000 
47,450 

47,900 
48,350 

48,800 
49,250 

49,700 
50,150 

50,600 
51,050 

51,500 
51,950 

62,400 
52,850 

53,300 
53,750 

54,200 


90 


46,500 

47,000 
47,500 

48,000 
48,500 

49,000 
49, 500 j 

50,0001 
50,5001 

51,000 
51,500 

52,000 
62,500 

53,000 
53,500 

54,000 
54,500 

55,000 
55,500 

56,000 


13   .14 


.15 


47,350  48,200  49,050  49,900  50,750 


100 


47, 900;  48 
48,450  49 

i 
49,000  50 
49,550  50, 

50,10051, 
50,65051; 

61,200  52. 
51,750  53, 

I 
62,300  53, 
52,850  54, 

53,40o'54, 
53,960  55: 

i 
54, 50056, 
55,050  56, 

55,600  57, 

66,150;57, 

66,700  58, 
57,250,59, 


,800  49,700  50, 
,400  50,350  51, 

,000  61,000  52, 
,600  51,650  62, 

,200  52,300  53, 
,800  52,950  54, 

11 
,400  53,600  54, 
,000  54,250  56, 

I  I 

,600  54,900  56, 
,200  55,550  56, 

,800  56,200  57, 
,400  56,850|58, 

,000  57,500:59, 
,600  58,150  59, 

,200  58,800  60, 
,800  59,450.61, 

,400  60,100  61, 
,000  60,750  62, 


,600  51,500 
,300.52,250 

,000  53,000' 
,700  53,750 

,400  54,60o' 

,100|55,260| 

,800'56,000 
,600  56,750 

,200;57,500' 
,900  58,250, 

,600  59,000 

,300,59,750, 

,000'60,50o' 
,700'61,250 

I  I 
400  62,000 
100  62,760 
j 
,800  63,500 
500  64,250, 


51,560 

52,300 
|53,050 

63,80o' 
i54,550j 

'55, 300 

j56,050l 

56,800, 
!57,650| 

'.58, 300' 
:59,050, 

.59,800 
60,550, 

61,300 
62,050: 

62,800 
63,550 

64,300 
65,050 


52,360 


53,100 
53,850 


54,600 
55,350 


56,100 
66,850 


57,600 
58,350 


59,100 
59,850 


60,600 
61,350 


62,100 
62,850 


63,600 
64,350 


65,100 
65,850 


57,800  69,600,61,400,63,200  66,000  05,800  66,600 


110   120   130   140   150   150 


150 


ADDITIONS  FOR  MANGANESE. 


In. 

Lbs. 

.11 

.12 

.13 

.14 

.15 

+ 

3.600 

.16 

+ 

3,810 

.17 

+ 

4,080 

.18 

+ 

4,320 

.19 

+ 

4,560 

.20 

+ 

4,800 

.21 

+ 

5,020 

Mn. 


Lbs. 


.22 
.23 
.24 
.26 
.26 
.27 
,28 
.29 
.30 
.31 
.32 


6,240 
6,460 
5,680 
5,900 
6,100 
6,300 
6,. 500 
6,700 
6,900 
7,080 
7.260 


Lbs. 


,440 
,620 
,800 
,960 
,120 
,280 
,440 
,600 
.740 


Mn. 


Lbs. 


.44 
-.45 
.46 
.47 
.48 
.49 
.50 
.51 
.52 
.53 
.64 


9,100 

9,300 

9,420 

9,540 

9,660 

9,780 

9,900 

10,000 

10,100 

10,200 

10,300 


Mn. 


Lbs. 


.66 
.56 
.57 
.58 
.59 
.60 
.61 
.62 
.63 
.64 
.65 


10,400 
10,500 
10,600 
10,700 
10,800 
10,900 
11,000 
11,100 
11,200 
11,300 
11,400 


I  find  that  out  of  the  500  tests,  80  per  cent,  of  the  ultimates  worked 
out  by  Table  I.,  came  within  5000  pounds  of  the  actual  ultimate 
strength,  without  making  any  corrections  for  thickness  or  width  of 
plates.  The  plates  varied  in  widths  from  8  inches  to  96  inches;  part 
were  rolled  on  the  universal  mill  and  part  on  the  112-inch  mill  and 
sheared.  On  the  plates  f  to  |  inches  in  thickness  the  results  are 
very  much  better;    in  140  consecutive  tests  of  these  thicknesses,  95 
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per  cent,  of  the  calculated  results  came  within  5000  pounds  of  the 
actual  results  on  the  testing-machine. 

In  order  to  see  how  these  tables  would  apply  to  acid  open-hearth 
steel,  I  have  used  Mr.  Salom's  valuable  paper  on  this  subject  {Trans., 
xii.,  661,  February,  1884)  and  have  worked  out  the  ultimate  strength 
of  all  the  heats  of  which  he  gives  the  carbon,  phosphorus  and  manga- 
nese. 

The  results  by  Table  I.  (constructed  for  basic  open-hearth  steel) 
were  pretty  uniformly  2000  pounds  too  high.  That  is  to  say,  by 
deducting  this  amount,  I  obtained  satisfactory  approximations,  as 
shown  below.  This  difference  is  probably  due  to  the  finishing  of  the 
Chester  plates  at  a  higher  temperature. 

Summary  of  Chester  Tests. 
Of  the  results  calculated  from  Mr.  Salom's  data,  as  compared  w'th 
the  actual  strengths  as  stated  by  Mr.  Salom  : 

0  were over   5000  pounds  too  high. 

6  " 4000  to  5000   " 

5  " 3000  to  4000   "     " 

10  " 2000  to  3000   " 

60  " within  2000   " 

7  " 2000  to  3000  pounds  too  low. 

2  " 3000  to  4000   " 

5  " 4000  to  5000   " 

6  " over   5000   "     " 

101 

That  is  to  say  :  60  tests  or  59.4  percent,  of  my  results  were  within 
2000  pounds  of  Mr.  Salom's  tests;  77  tests  or  76.2  per  cent,  of  my 
results  were  within  3000  pounds  of  Mr.  Salom's  tests ;  84  tests  or 
83.2  per  cent,  of  my  results  were  within  4000  pounds  of  Mr.  Salom's 
tests;  95  tests  or  94.1  per  cent,  of  my  results  were  within  50C0 
pounds  of  Mr.  Salom's  tests. 

If  ray  results  are  such  as  to  interest  other  members  and  induce 
them  to  take  up  this  investigation,  I  shall  feel  well  repaid  for  my 
trouble.  The  use  of  such  tables  will  save  a  great  deal  of  work  and 
would  lead  from  time  to  time  to  the  modifications  required  for  greater 
accuracy.  It  would  be  well  in  every  case  where  the  ultimate  strength 
of  the  material  tested  varied  very  much  from  that  indicated  by  its 
chemical  composition,  to  examine  the  records  of  the  heat  of  steel  at 
the  steel-works  and  the  mill.  If  such  a  variation  be  not  thus  ac- 
counted for,  an  examination  of  the  material  with  the  microscope 
would  be  of  great  service.     I  feel  confident  that  systematic  investiga- 
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tions  of  this  kind  would  develop  the  general  laws  which    underlie 
this  whole  matter. 


Table  II. — Apprcfcimate  Variation  of  Ultimate  Strength  for  Diferent 
Thicknesses  and  Widths  of  Steel  Plates. 


Thickness. 

Under  70". 

70"  to  85". 

Over  85". 

Inch. 
1 

Lbs. 
—5000 

Lbs. 
—4000 

Lbs. 
—3000 

1  5 
16 

—4500 

—3500 

—2500 

i 

—4000 

—3000 

—2000 

if 

—3500 

—2500 

—1500 

f 

—3000 

—2000 

—1000 

11 

—2500 

—1500 

—  500 

5 

2000 

—1000 
—  500 

—1500 

+  500 

J 

—1000 

+1000 

tV 

—  500 

+  500 

+1500 

3 

8 

+  1000 

+2000 

5 

+1000 

+2000 

+3000 

k 

+20.00 

+3000 

+4000 

Most  of  the  specifications  for  steel  assunae  that  the  ultimate  strength 
and  the  relation  between  it  and  the  elongation  of  a  given  grade  of 
steel,  will  be  the  same  under  all  conditions,  whether  it  be  rolled 
into  shapes,  universal  plates,  or  wide  sheared  plates.  The  ultimate 
strength  under  these-conditions  is  only  allowed  to  have  a  variation 
of  8000  pounds,  and  in  some  cases  very  much  less.  The  manu- 
facturers have  themselves  principally  to  blame  for  this  state  of 
things,  since  engineers  are  only  asking  for  results  corresponding  to 
test- reports  shown  them  by  the  manufacturers  as  representing  what 
they  could  do,  which,  however,  usually  are  not  average  residts.  As 
the  differences  due  to  the  method  of  rolling,  as  well  as  the  section 
of  the  finished  product,  are  recognized  in  specifications  for  iron  they 
should  also  be  recognized  in  those  for  steel. 

The  relief  most  needed  to-day  is  the  adoption  of  one  uniform  speci- 
fication and  standard-sized  test-piece,  the  method  of  testing  being 
provided,  and  limits  left  broad  enough  to  cover  the  variations  re- 
ferred to  above.  Proper  allowance  should  be  made  for  both  ultimate 
strength  and  elongation  in  extremes  of  thickness,  width  or  length. 
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THE  PHOSPHATE  MINES  OF  C^ADA. 

BY  H.    B.    SMALL,    OTTAWA,   CANADA. 
(Montreal  Meeting,  February,  1893.) 

The  Ottawa  river,  the  northeastern  boundary  of  the  Province  of 
Ontario,  and  the  dividing  line  between  the  latter  and  the  Province 
of  Quebec,  has  long  been  famous  for  the  rafts  of  timber  floated  over 
its  waters  from  the  depths  of  the  forest,  and  other  poets  besides 
Moore,  have  immortalized  its  beauties  in  verse.  But  with  the  ad- 
vent of  the  railway  which  now  pierces  the  forest  solitudes,  the  days 
of  rafting  were  numbered  ;  and  the  boat  song  is  now  heard  no  more 
on  "  Ottawa's  tide,"  or  at  such  long  intervals  only,  that,  when 
heard,  it  seems  an  echo  of  the  past.  The  lumber  trade  is  fast  leav- 
ing Ottawa  City,  the  old  headquarters  of  the  business ;  and  such 
square  timber  as  is  now  cut  is  gradually  finding  other  outlets  than 
shipment  to  Great  Britain,  and  other  channels  of  transportation  than 
the  Ottawa  river. 

Skirting  the  northern  shore  of  this  great  river  runs  a  vast  chain  of 
hills,  assuming  at  times  the  altitude  of  mountains.  Their  geological 
character  marks  them  as  remnants  of  the  earliest  land  of  this  conti- 
nent. Following  the  course  of  the  St.  Lawrence  from  the  Gulf  of  that 
name  to  the  confluence  of  the  river  with  the  Ottawa,  the  course  of 
which  latter  they  then  pursue,  the  range  has  been  styled  "  the  Lau- 
rentians."  Rolling  in  long  undulations,  with  rounded,  rather  than 
rugged  or  pointed  summits,  they  leave  a  margin  of  8  or  10  miles, 
dipping  in  a  gentle  slope  to  the  water's  edge,  rich  for  agricultural 
use,  and  dotted  here  and  there  with  farms  and  settlements.  Beyond 
this  margin  bold  hills  stretch  northerly  to  blue  mountains,  rich  in 
iron,  lead,  plumbago,  and  other  minerals. 

The  Apatite  District. —  One  of  these  minerals  is  apatite,  or  phos- 
phate of  lime,  the  use  of  which  as  a  material  for  the  manufacture  of 
superphosphate  as  a  fertilizer  has  become  the  basis  of  the  industry 
bidding  fair  to  prove  ere  long  one  of  the  chief  elements  of  Cana- 
dian trade.  So  rapid  has  been  the  growth  of  this  new  industry  that 
if  the  lumber  business  were  to  disappear  from  this  mineral  district, 
its  void  would  be  filled  by  that  which  has  sprung  up  in  connection 
with  phosphate. 
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These  deposits  of  apatite,  or  phosphate,  as  it  is  commonly  here 
called,,  are  confined  to  a  district  of  limited  extent.  Taking  the  city 
of  Ottawa,  the  capital  of  the  Dominion  of  Canada,  as  a  starting- 
point,  a  glance  at  the  map  will  show  a  section  of  country  to  the 
north,  lying  between  the  Gatineau  and  the  Lievre,  two  large  tribu- 
taries of  the  Ottawa  flowing  southward  through  the  Laurentian  hills, 
the  barriers  of  which  prevent  continuous  navigation,  by  presenting 
series  of  picturesque  rapids  and  cascades.  These  tributaries  are 
themselves  rivers,  some  300  miles  in  length;  and  the  section  they 
enclose,  together  with  a  belt,  4  or  5  miles  wide,  on  the  east  and  west, 
is  the  true  phosphate  country.  The  townships  in  which  phosphate 
most  abounds  are  Templeton,  Wakefield,  Bowman,  Derry,  Portland, 
and  Buckingham.  The  only  place  containing  sufficient  population 
to  entitle  it  to  be  called  a  village,  is  Buckingham,  near  the  mouth 
of  the  Lievre.  The  Montreal  and  Ottawa  division  of  the  Canadian 
Pacific  Railway  passes  along  the  river-front  of  these  townships,  and 
a  small  junction-railway  connects  Buckingham  village  with  the  sta- 
tion of  that  name  on  the  main  line,  some  21  miles  east  of  Ottawa. 
Although  this  place  has  gone  through  one  mining  experience,  rich 
plumbago  mines  opened  near  it  a  few  years  ago  having  put  consid- 
erable sums  of  money  in  circulation  in  their  vicinity — until  they 
were  abandoned, — Buckingham  has  not  expanded  like  western  min- 
ing towns,  but  wears  a  sleepy  old-time  aspect.  The  residents,  apart 
from  the  families  of  mining  foremen  and  managers,  are  more  or 
less  connected  with  the  lumber-trade,  and  have  been  so  brought  up 
in  it  that  no  other  occupation  seems  to  have  charms  for  them.  They 
are  a  quiet,  harmless  folk,  mostly  of  French  Canadian  stock,  who 
take  life  easily,  do  their  day's  work  mechanically,  and  when  night 
comes  on,  are  as  happy  listening  to  the  old  Norman  tunes  of  300 
years  ago,  drawn  out  on  a  violin  of  antiquity,  as  if  there  were  no  to- 
morrow to  provide  for. 

The  rocks  of  the  mountain  range  which  traverse  this  district  are 
composed  of  pyroxene,  representing  the  "spotted  gabbro"  of  Nor- 
way, intermixed  with  quartzite,  orthoclase,  mica,  gneiss,  and  crystal- 
line limestone.  The  phosphate  itself  varies  much,  according  to 
locality.  It  is  found  in  crystals,  sometimes  of  large  dimensions;  in 
masses,  varying  from  compact  to  coarse  granular;  in  strata,  of  a 
lamellar  texture;  and  in  a  friable  form.  The  latter,  knowu  as  "su- 
gar-phosphate," is  very  abundant,  and  is  often  so  disintegrated  as  to 
take  the  appearance  of  pure  sand,  soft  enough  to  be  dug  out.  The 
colors  of  the  phosphate  are  very  varied,  comprising  green  of  differ- 
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ent  sliades,  blue,  red,  and  brown  of  all  shades,  yellow,  white,  and 
cream-colored.  Occasionally,  beautiful  crystals  are  found,  large,  and 
perfect  at  both  ends,  and  enveloped  in  calc-spar;  or,  sometimes  a 
drusy  cavity,  or  "  vugg,"  is  struck,  containing  either  one  large  crys- 
tal, or  a  number  of  small  independent  crystals  shooting  from  the 
sides,  or  standing  erect  in  the  cavity.  In  one  of  the  mines  on  the 
Lievre,  crystals  of  gigantic  size  have  been  encountered,  some  weigh- 
ing individually  as  much  as  one  thousand  pounds. 

In  the  early  days  of  mining  in  the  Ottawa  district,  small  operators 
were  beset  with  countless  difficulties,  which  materially  retarded  the 
development  of  this  industry;  but,  within  the  last  few  years  it  has 
been  stimulated  by  the  investment  of  foreign  capital,  and  the  or- 
ganization of  powerful  companies  composed  of  men  of  practical 
business  ability,  intelligence,  and  means. 

The  first  methods  of  mining  employed  here  were  of  the  rudest 
and  most  elementary  kind.  The  only  hoisting-  and  pumping-ma- 
chinery  was  a  tub  on  the  end  of  a  rope  swung  over  the  pit  by  a 
derrick  worked  with  one  horse.  The  pits,  being  as  wide  at  the 
mouth  as  below,  if  not  wider,  were  well  calculated  to  collect  all  the 
surface-water  and  melting  snow  ;  and  often,  when  the  water  had 
accumulated  to  a  considerable  extent,  the  pit  was  abandonefl,  and 
another  was  opened  in  close  proximity,  to  have  in  its  turn  the  same 
fate  as  the  other.  Now,  however,  steam-engines  and  improved  ma- 
chinery, power-drills  and  hoists  have  taken  the  place  of  the  horse, 
the  pick,  and  the  bucket;  tramways  are  used  to  facilitate  transport; 
and  a  thorough  business-management  of  the  mines,  generally,  has 
placed  the  work  on  a  sound  and  permanent  basis. 

Mention  has  been  made  of  two  rivers  in  this  region,  the  Gatineau 
and  the  Lievre.  The  former,  a  favorite  resort  for  the  artist  and 
naturalist,  is  rendered  unnavigable  by  its  picturesque  rapids  and 
boulder-obstructed  shallows.  The  Lievre,  on  the  contrary,  although 
a  series  of  falls  and  rapids  extends  for  some  distance  upward  from  its 
mouth,  is  navigable  from  the  village  of  Buckingham  for  some  twenty 
miles.  At  the  village  itself,  there  are  two  very  fine  falls.  One  of 
these  was  monopolized  years  ago  for  driving  saw-mills,  the  erection 
of  which  really  created  the  village.  The  stretch  of  sluggish  and 
deep  water  above  this  point  is  utilized  to  the  utmost  for  floating 
down  the  mineral  from  the  mines,  and  for  conveying  supplies  and 
machinery  to  them.  Several  small  steamboats  ply  between  Buck- 
ingham village  and  the  High  Falls,  some  twenty  miles  up  stream, 
while  the  ore  is  towed  down  in  flat-bottomed  scows  to  a  landing-place 
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north  of  the  village,  where  the  branch-line  of  the  railway  before 
mentioned  terminates.  This  affords  convenient  transhipment  into 
cars,  from  which  no  further  change  is  necessary  till  they  run  on  the 
wharf  in  Montreal,  alongside  the  ocean  vessel  waiting  for  its  freight. 
Most  of  the  large  mines  are  situated  on  or  near  the  Lievre,  along  the 
banks  of  which  bins  have  been  built,  here  and  there,  to  receive  the  ore 
hauled  in  winter  and  hold  it  until  navigation  opens  in  the  spring. 
The  greater  part  of  the  teaming  is  done  during  the  winter,  the  snow- 
roads  being  best  adapted  for  hauling  large  and  heavy  loads  on  run- 
ners, the  snow  being  generally  calculated  upon  from  early  in  Decem- 
ber to  the  end  of  March.  The  surface  of  the  river  during  that  period 
affords  an  easy  road  for  sleighs,  and  these  conveyances  lend  as  much 
animation  to  the  scene  as  the  steamboats  of  the  summer. 

The  High  Falls,  just  alluded  to,  are  formed  by  a  mountain  spur 
crossing  the  river,  over  which  it  takes  a  leap  of  eighty  feet  perpen- 
dicularly. No  mining  of  any  extent  is,  as  yet,  carried  on  above  the 
Falls,  although  there  is  abundant  show  of  phosphate ;  but  several 
openings  have  been  made,  precursors  of  more  extensive  operations 
at  the  proper  time.  Mining  proper  has  been  confined,  hitherto,  to 
localities  bordering  on  the  lower  stretch  of  navigable  water. 

Professor  Boyd  Dawkins,  the  British  geologist,  when  in  Canada 
with  the  British  Association  for  the  Advancement  of  Science,  visited 
the  phosi)hate  district,  and  on  his  return  declared,  in  a  paper  read 
by  him  at  Manchester,  on  "  Canadian  Apatite,"  that  "  it  would  be- 
come one  of  the  most  profitable  resources  of  this  country."  Pro- 
fessor Hoffman,  the  analyst  of  the  Geological  Survey  staff,  says 
that,  by  reason  of  its  usually  high  percentage  of  phosphate  of  lime, 
"  Canadian  apatite  may  be  regarded  as  a  most  eligible  material  for 
the  manufacture  of  superphosphate," 

In  addition  to  the -yield  of  pure  phosphate  in  large  masses,  it 
occasionally  happens  that  large  quantities  of  it  are  mixed  with  mica, 
pyroxene,  and  other  foreign  substances.  If  shipped  in  that  state, 
the  value  of  the  whole  cargo  would  be  materially  deteriorated.  This 
extraneous  matter  is  more  or  less  completely  removed  by  cobbing, 
an  easy  operation,  by  reason  of  the  more  friable  character  of  the 
phosphate  as  compared  with  the  associated  minerals.  This  is  done 
in  a  hut  or  cobbing-house,  on  solid  tables.  On  one  side  of  the 
building  are  wagons  or  tram-cars,  into  which  the  refuse  is  thrown 
as  broken  off,  while  the  phosphate  thus  cleaned  is  thrown  into 
another  receptacle  on  the  other  side.  Boys  and  old  men  are  em- 
ployed at  this  work,  which  no  machinery  has  yet  been  found  adapted 
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to  perform.  In  spite  of  every  care  used,  large  quantities  of  phos- 
phate have  thus  been  thrown  aside,  but  these  are  now  utilized  by 
pulverizing  and  further  treatment,  much  in  the  same  way  as  the 
early  gold  workings  of  California  and  Australia  yield  rich  returns 
when  their  tailings  are  again  worked  over. 

The  drawback  to  the  conversion  of  the  crude  material  into  super- 
phosphate in  the  vicinity  of  the  mines,  to  obviate  shipping  the  raw 
material,  is  the  absence  of  pyrites  in  the  apatite  district,  in  quantity 
sufficient  to  warrant  the  erection  of  works  for  the  manufacture  of 
sulphuric  acid,  by  means  of  which  the  mineral  is  converted  into  a 
fertilizer.  The  nearest  deposits  of  pyrites  in  any  abundance  are 
those  worked  in  the  district  southeast  of  Montreal,  known  as  the 
Eastern  Townships,  some  200  miles  distant  from  the  apatite  region. 
The  cost  of  transport  thence  would  be  more  than  it  now  costs  to 
ship  the  crude  phosphate  to  Europe.  If  pyrites  should,  at  some 
future  day,  be  discovered  near  the  phosphate  mines  (where  it  has 
been  already  found  in  small  quantities),  there  would  be  little  diffi- 
culty in  manufacturing  fertilizers  on  the  spot,  and  a  very  large  and 
new  industry  would  spring  up.  The  water-power  of  the  Gatineau 
and  Ottawa  rivers  is  unsurpassed,  and  would  affiird  every  facility 
for  grinding  the  ore,  prior  to  treating  it  chemically  with  the  acid. 

A  curious  feature  in  the  phosphate  trade  is  the  fact  that,  although 
a  large  amount  of  American  capital  is  invested  in  Canadian  mines, 
almost  the  whole  of  their  product  is  shipped  to  Great  Britain  and 
the  European  continent,  a  trifling  quantity  only  finding  its  way  to 
the  United  States.  Considerable  crude  phosphate  and  a  large  amount 
of  superphosphate  are  imported  into  the  United  States  from  Great 
Britain  ;  and  there  is  every  reason  to  believe  that  both  these  articles 
are  Canadian  products,  reshipped.  Mr.  Torrance,  a  phosphate  ex- 
pert, gives,  as  his  idea  of  the  reason  of  this  anomaly,  that  American 
dealers  were  in  the  habit  of  importing  from  Britain  long  before 
Canadian  deposits  were  worked,  and  that  no  effi^rt  has  since  been 
made  to  direct  into  fresh  channels  the  trade  from  Canada,  which 
was  commenced  with  the  English  market  by  men  more  familiar 
with  that  than  with  the  American.  The  late  Dr.  Sterry  Hunt,  in  a 
paper  entitled  "  Note  on  the  Apatite  Region  of  Canada,"  read  be- 
fore the  Institute,  at  the  Halifax  Meeting  {Trans.,  xiv.,  495),  re- 
marked that  "  in  the  near  future  a  larger  market  will  be  found  for 
the  apatite  in  the  United  States  and  Canada.  The  growing  demand 
for  high  fertilizers  on  this  continent,  and  the  fact  that  the  apatite 
of  Canada  may  be  shipped  to  the  valleys  of  the  Ohio  and  Mississippi 
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much  more  cheaply  than  the  phosphate-rock  of  South  Carolina,  give 
a  great  importance  to  these  Canadian  mines." 

The  large  increase  in  the  annual  output  of  the  more  important 
mines,  is  evidence  that  Canadian  phosphate  is  coming  more  and 
more  into  demand, as  the  mineral  becomes  better  known.  The  high 
grade  of  this  phosphate  has  brought  it  into  favor  in  Belgium,  Den- 
mark, France,  and  Germany,  in  which  countries  there  is  an  increasing 
consumption,  consequent  on  the  widespread  cultivation  of  the  sugar- 
beet,  for  which  superphosphate  is  found  to  be  an  admirable  fertilizer. 
In  England  there  is  a  wide  market  for  it.  The  objections  which 
Canadian  phosphate  encountered  at  first,  and  the  difficulties  of  intro- 
ducing material  from  a  new  source,  have  been  overcome.  A  low 
grade  of  Belgian  phosphate  is  found  to  combine  well  with  Canadian, 
under  chemical  treatment.  There  is  a  question  as  to  the  continuance 
of  the  supj)]y  of  Spanish  phosphate,  which,  with  the  high  cost  of  the 
Norwegian  article,  favors  an  increased  demand  for  the  supply  from 
Canada. 

Besides  the  phosphate-bearing  districts  of  the  Province  of  Quebec, 
described  above,  there  is  also  a  phosphate  region  in  the  Province  of 
Ontario,  occupying  that  portion  of  the  country  lying  back  from 
Kingston  and  Belleville,  which  extends  in  a  belt  through  the  town- 
ships of  Burgess,  Crosby,  Bedford,  Storrington  and  Loughborough, 
into  the  county  of  Hastings.  A  large  number  of  surface-openings 
exist  in  this  belt,  some  of  which  are  worked  with  fair  returns;  but 
no  deep  mining  has  been  carried  on.  While  the  productiveness  and 
easy  accessibility  of  the  Lievre  mines  have  caused  the  neglect  of  the 
earlier-discovered  deposits  of  the  Hastings  district,  there  are  among 
these  some  which,  when  properly  developed,  will  probably  be  found 
not  inferior  to  those  on  the  Lievre.  So  far  as  is  known  at  present, 
however,  the  grade  of  phosphate  is  not  as  high  as  that  of  the  Quebec 
mineral ;  and  the  amount  shipped  from  Kingston  is  comparatively 
small. 

Dr.  Sterry  Hunt,  who  made  Laurentian  rocks  his  study  for  up- 
wards of  thirty  years,  regards  many  of  the  apatite  veins  as  fissures 
or  cavities  which  have  been  filled  by  the  deposition  of  materials 
derived  from  the  adjacent  strata.  One  striking  feature  developed 
in  this  mining  is  the  great  irregularity  of  the  deposits ;  but  taking 
into  consideration  the  extremely  disturbed  character  of  the  Lauren- 
tian rocks,  this  is  not  to  be  wondered  at.  What  may  at  one  time 
have  been  layers,  regular  and  uniform,  subsequent  disturbances  and 
upheavals  have  folded  over  and  twisted  and  dislocated  till  in  one 
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place  the  matter  has  been  compressed  into  the  narrowest  of  seams, 
only  to  swell  out  further  on,  giving  the  appearance  of  huge  pockets, 
apparently  isolated,  if  the  connecting  vein  be  not  traced  or  traceable. 
Statistics  of  Production. — Some  idea  of  the  magnitude  this  busi- 
ness is  assuming  may  be  gathered  from  the  following  returns,  show- 
ing the  exports  of  phosphate  from  Canada  since  1878,  when  the 
industry  may  be  said  to  have  been  fairly  launched : 


Year. 

1878, 
1879, 
1880, 
1881, 
1882, 
1883, 
1884, 
1885, 
1886, 
1887, 
1888, 
1889, 
1890, 
1891, 


Tons. 
10,743 

8,446 
13,060 
11,968 
17,153 
19,716 
21,709 
28,969 
20,440 
23,152 
18,776 
29.987 
28,457 
15,153 


Value. 
$208,109 
122,035 
190,086 
218,456 
308,357 
427,668 
424,240 
496,293 
343,007 
433,217 
298,609 
394,768 
499,369 
119,532 


267,729         $4,483,746 


Of  the  above,  17,744  tons  were  shipped  from  the  Province  of 
Ontario,  and  the  figures  of  exports  from  Quebec  include  a  certain 
amount  produced  in  Ontario,  but  shipped  to  Montreal  for  export, 
and  at  that  port  credited  to  the  Province  of  Quebec. 

Owing  to  a  depressed  market  the  shipments  in  1892  fell  off  con- 
siderably.    The  complete  returns  are  not  yet  announced. 

That  there  is  room  in  England  for  all  the  phosphate  Canada  is 
likely  to  produce,  is  shown  from  the  following  table  taken  (except 
the  percentages)  from  British  returns  : 


Imports  of  Phosphate  into  Great  Britain. 


Year. 

1882, 
18S3, 
1884, 
1885, 
1886, 
1887, 
1888, 
1889, 
1890, 


Total 

Imports, 

Tons. 

From 

Canada, 

Tons. 

Percentage 

from 
Canada. 

223,394 

9,169 

4.1 

276,578 

18,514 

6.7 

245,532 

17,603 

7.1 

272,200 

24,062 

8.1 

249,884 

20,237 

8.1 

317,424 

21,497 

6.7 

288,832 

l.'?,913 

4.8 

341,547 

25,898 

7.5 

384,721 

23,619 

P.l 
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The  official  returns  for  1891  have  not  been  obtained. 
Mr.   Obalski,  government  mining  engineer  of  the   Province  of 
Quebec,  in  a  paper  read  by  him  in  October  last,  says : 

"  Recent  important  discoveries  in  different  places  in  Europe  and  the  United  States 
have  caused  a  variation  in  the  price ;  but  nevertheless,  we  can  say  tliat  the  Canadian 
phosphate,  considering  its  high  average  (80  per  cent.)  will  have  a  regular  market ; 
and  I  consider  that  if  the  production  is  not  greater  it  depends  more  on  the  irregu- 
larity of  the  deposits  than  on  any  other  cause.  Up  to  date  the  production  has 
been  some  250,000  tons.  There  exist  large  deposits  not  yet  worked,  on  account  of 
the  absence  of  easy  means  of  transportation. 

''  The  depression  in  the  European  market  is  evidenced  by  the  very  limited  ex- 
tent of  the  phosphate-mining  operations  in  this  district.  The  High  Rock  mine,* 
with  a  reduced  force  of  about  sixty  men,  has  raised  about  3000  tons  of  all  grades,  to 
date,  about  2000  tons  of  which  has  been  exported.  The  Squaw  Hill,  and  ^Etna 
mines  of  the  British  American  Phosphate  Company  are  the  only  other  mines  now 
worked  to  any  extent.  Recent  operations  reveal  some  fine  shoAvs  of  the  mineral; 
and  the  management  are  reported  to  be  encouraged  by  the  prospects." 

Whether  phosphate  in  its  crude  state,  pulverized,  is  available  as 
plant  food  has  not  been  as  yet  fully  ascertained,  although  the  results 
of  experiments  go  to  show  that  when  mixed  with  strong  fermenting 
stable-manure,  or  with  swamp-muck,  its  effects  are  manifested,  in 
the  former  case,  rapidly,  in  the  latter  more  slowly.  The  same  re- 
sults have  been  obtained  with  Charleston  rock.  There  are  only  at 
present  three  manufacturers  of  fertilizers  in  Canada;  in  New  Bruns- 
wick, Quebec,  and  Ontario,  respectively.  Almost  the  entire  product 
of  the  crude  material,  however,  is  sent  out  of  the  country. 

Cost  of  Mining  and  Transportation. — Information  gathered  from 
various  sources  as  to  the  cost  of  a  ton  of  phosphate  delivered  in 
Montreal  compared  with  that  stated  in  the  latest  Quebec  Govern- 
ment Report  on  Mines  and  Minerals, f  gives  the  following  figures : 

Extraction  (profitable  average),  $3  to  $6. 

Transport  to  wharf  over  a  distance  of  1  to  5  miles,  by  cart,  25 
cents  to  $1.25. 

Transport  to  wharf  over  a  distance  of  1  to  2  miles,  by  tramway, 
20  cents. 

*  The  property  belonging  to  the  High  Rock  mines  worked  by  the  Phosphate  of 
Lime  Company,  of  London,  England,  under  the  management  of  Mr.  Pickford, 
covers  1200  acres,  and  these  mines  have  been  probably  the  most  successful  in  their 
operation.  At  one  time  the  number  of  hands  employed  was  upwards  of  200,  and 
every  means  were  used  to  promote  their  welfare,  even  to  a  reading-room  well  sup- 
plied with  books  and  periodicals.  The  number  of  the  hands  at  any  of  the  mines 
varies  with  the  demand  for  the  material, 

t  llines  and  Minerals  of  the  Province  of  Quebec,  by  J.  Obalski,  Government  Min- 
ing Engineer,  Quebec,  189L 
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Transport  by  river  in  barges  over  a  distance  varying  from  10  to  25 
miles,  30  to  60  cents. 

Cost  of  transhipment  at  Buckingham,  10  cents. 

Transport  by  railway  from  Buckingham  to  Montreal,  ^1.25  to 
$1.50. 

Cost  of  transhipment  at  Montreal,  25  cents. 

Commission,  insurance,  etc.,  50  cents. 

Ocean-freights  range  from  five  to  twelve  shillings  sterling,  accord- 
ing to  the  port  of  destination,  Hamburg  being  the  most  distant  to 
which  phosphate  has  been  shipped  hitherto. 

Wages. — The  rate  of  wages  is  from  $15  to  S2o  per  month,  with 
board ;  and,  by  the  day,  90  cents  to  $1.25,  without  board  for  ordi- 
nary laborers,  and  $1.50  to  $2.50  for  foreman  and  machinists.  A 
team  and  driver  average  $3  per  day. 

3Iills. — There  are  three  mills  for  grinding  phosphate  run  by  the 
water-power  of  the  Lievre  river,  near  Buckingham  station,  viz. : 

One  belonging  to  the  Canadian  Phosphate  Company  with  a  ca- 
pacity for  turning  out  six  to  seven  tons  a  day. 

One  at  Seabury,  on  the  west  side  of  the  Lievre,  run  with  a  tur- 
bine wheel,  and  equipped  with  a  rotary  driver,  capable  of  treating 
twenty-five  tons  a  da}'. 

One  belonging  to  Lomer,  Rohr,  and  Co.,  with  a  capacity  of  from 
forty  to  fifty  tons  a  day. 


THE  CAUSE  OF  FAULTING. 

BY  JOHN  A.    CHURCH,    NEW  YORK  CITY. 
(Montreal  Meeting,  February,  1893.) 

Ix  a  recent  paper  read  before  the  Institute  it  was  said  of  faults 
that  "  the  sensible  expression  of  the  fracture  is  an  earthquake." 
This  notion,  which  has  been  expressed  before,  though  usually  as  a 
theory  and  not  as  an  admitted  conclusion,  is  based  upon  the  early 
belief  that  faulting  is  a  violent  rupture  of  the  earth's  crust. 

Faults  are  of  different  kinds,  from  great  dislocations  of  the  earth 
— hundreds  of  miles  in  length — down  to  the  still  more  mysterious 
displacements  with  which  miners  have  to  deal.  The  latter  are 
usually  quite  short,  from  1000  to  20,000  feet  in  length,  but  are  dis- 
tinguished even  above  their  greater  brethren  by  the  excessive  pro- 
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portional  extent  of  their  throw.  A  fault  300  miles  long,  with  a 
throw  of  40,000  feet,  exhibits  a  displacement  of  about  1  foot  eleva- 
tion for  40  feet  of  length.  A  short  fault,  such  as  Mr.  Becker  has 
endeavored  to  figure  out  for  the  Comstock,  where  a  throw  of  more 
than  2000  feet  is  distributed  mainly  along  a  length  of  10,000  feet, 
gives  the  ratio  of  1  :  5.  Allowing  something  for  the  diminishing 
throw  of  the  ends,  the  ratio  would  be,  perhaps,  1  :  7  for  the  central 
10,000  feet  and  1  :  18  for  the  ends.  Even  if  the  throw  is  calculated 
on  the  whole  length  of  20,000  feet,  the  ratio  is  1  :  10,  or  four  times 
as  great  as  that  of  the  300-mile  fault. 

The  old  idea  of  a  fault  was  undoubtedly  that  of  a  crack  propa- 
gated through  a  mass  of  rock,  not  previously  prepared  for  it,  by  a 
force  so  overwhelmingly  powerful  that  not  even  the  greatest  thick- 
ness or  the  greatest  stiffness  or  toughness  of  rocks  could  withstand 
it.  This  force  was  supposed  to  operate  vertically  or  radially,  i.e., 
from  the  interior  of  the  earth  outwardly,  because  one  of  the  most 
uniformly  observed  facts  is  that  the  foot-wall  has  risen  in  most  in- 
clined faults,  a  fact  that  seems  to  be  opposed  to  the  action  of  com- 
pressive force.  This  and  other  explanations  might  apply  to  the 
great  faults,  but  fail  when  applied  to  short  faults  which  exhibit  a 
rise  of  100  or  200  feet  in  the  walls  of  a  crack  that  is,  perhaps,  only 
a  few  thousand  feet  long;  for  it  seems  to  be  impossible  to  imagine 
how  a  force  strong  enough  to  shear  and  raise  the  rocks  can  be  con- 
centrated on  such  a  small  line.  The  excessive  throw  of  these  short 
faults  has  been  partly  accounted  for  by  the  suggestion  that  the  move- 
ment has  been  double,  one  wall  going  up  while  the  other  goes 
down.  This  increases  the  ease  of  explaining  the  great  faults,  but 
no  one  has  suggested  how  it  could  be  applied  to  the  short  ones.  In 
fact,  while  the  double  movement  is  almost  always  mentioned  now,  it 
is  as  an  unexplained  suggestion. 

It  seems  to  me  that  in  discussing  the  origin  of  faulting,  geologists 
have  fixed  their  attention  too  strongly  on  the  great  faults  hundreds 
of  miles  in  length.  Among  the  explanations  offered,  one  is  that 
sedimentation  has  loaded  the  strata  in  one  place  so  heavily  that  they 
have  sunk,  rupturing  the  crust;  another,  that  this  load  of  sediments 
has  acted  like  a  blanket,  allowing  the  central  heat  to  rise  and  give  a 
certain  plasticity  to  the  underlying  crust,  which  then  begins  to  flow 
and  exerts  an  elevatory  pressure  upon  some  region  more  or  less  dis- 
tant, producing  elevation  and  rupture.  For  my  ])urpose  I  may 
admit  the  sufficiency  of  such  explanations  when  applied  to  great 
faults,  but  surely  they  do  not  explain  the  origin  of  faults  1000,  5000 
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or  20,000  feet  long.  The  cause  suggested  is  so  widespread  that  the 
local  movement  would  afford  no  relief.  Such  widespread  forces 
must  be  supposed  to  act  with  equal  intensity  on  both  sides  of  any 
given  line  drawn  in  their  area  of  effect ;  and  the  fact  that  the  foot- 
wall  has  a  wider  base  than  the  hanging-wall  is  not  enough  to  account 
for  the  faulting.  Many  faults  have  a  high  angle  of  dip.  and  the 
difference  in  the  area  of  the  two  bases  in  faults  of  70°  and  80°  dip 
is  not  enough  to  account  for  the  remarkable  effect  of  energy  im- 
plied in  their  elevation,  and  especially  in  the  rupture  of  the  rock. 

The  suggestion  that  the  raising  of  the  foot-wall  is  due  to  its  pos- 
session of  a  wider  base,  and  therefore  a  greater  area  of  effect  than 
the  hanging-wall  has,  is  constantly  repeated  by  writers,  and  it  de- 
serves respect  as  one  of  the  few  efforts  that  have  been  made  to  take 
faulting  action  out  of  the  domain  of  mystery  and  place  it  within  the 
known  laws  of  physics.  Of  itself,  it  does  not  seem  to  me  very  sat- 
isfactory. It  fails  entirely  when  applied  to  the  theory  of  elevation 
by  the  flow  of  an  underlying  viscous  solid;  for  if  the  |)iston  of  a 
hydraulic  ram  be  divided  vertically  into  two  parts,  one  of  which  has 
an  area  four  times  that  of  the  other,  there  will  be  no  difference  of 
elevation  when  the  water  is  forced  in.  Tiie  divided  piston  will  go 
up  as  one  mass,  and  that  is  especially  true  if  the  dividing  plane  is 
inclined,  for  any  movement  of  one  mass  on  the  other  will  induce 
frictional  resistances  that  will  immediately  react  on  the  supporting 
fluid.  In  fact,  it  is  doubtful  whether  we  ought  to  admit  in  fault- 
theories  this  notion  of  elevation  by  the  action  of  viscous  rocks  under 
pressure;  for  the  enormous  frictional  resistances  involved  in  inclined 
faulting  operate  to  add  to  the  load  of  the  foot-wall  with  broad  base, 
while  the  hanging-wall  is  free  from  them  and  even  enjoys  powerful 
elevatory  support  from  their  action.  The  result  would  probably  be 
an  equalization  of  movement.  Another  objection  to  "  isostatic"  ele- 
vation is  that  it  does  not  admit  of  coincident  rise  of  the  foot-  and 
fall  of  the  hanging-wall,  which  has  probably  taken  place  in  some 
cases. 

Another  objection  to  the  existing  ideas  is  that  they  refer  the  pro- 
duction of  the  fracture  to  the  same  force  that  effects  the  elevation, 
and  it  is  hard  to  understand  how  a  wide-spread  force  can  produce 
such  an  extremely  localized  effect  as  a  crack.  No  attempt  is  made 
to  show  how  this  concentration  of  effect  upon  one  line  is  managed. 
Areas  of  faulting  might  be  connected  with  such  extensive  exhibi- 
tions of  force,  but  not  isolated  faults.  Even  in  the  case  of  areas  of 
faulting,  I  believe  no  reason  has  been  found  for  the  rupture  of  the 
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rocks  in  one  locality  instead  of  another,  or  why  rupture  should  take 
place  instead  of  simple  elevation  and  folding. 

The  idea  that  faulting  can  cause  an  earthquake  calls  for  the  secret 
accumulation  of  a  force  sufficient  to  shear  several  thousand  feet  of 
rocks  followed  by  a  sudden  development  of  work  in  the  form  of  a 
rupture.  It  seems  to  me  that  such  ideas  are  not  necessary,  that 
faulting  may  be  a  slow  and  gentle  action,  and  that  there  is  an  ex- 
planation that  brings  ordinary  compressive  action  into  play  as  the 
first  cause  of  faulting.  I  confine  myself  to  the  consideration  of  the 
simplest  case,  that  of  a  short  fault  which  fades  out  at  the  ends  into 
raonoclinal  or  anticlinal  folds. 

I  consider  that  an  essential  error  has  been  committed  in  confusing 
two  successive  stages  of  fault-phenomena — the  production  of  the 
crevice  and  the  movement  of  the  rocks.  It  is  usual  to  write  of  faults 
as  if  these  two  actions  were  coincident.  A  mass  of  rock  is  supposed 
to  be  operated  on  by  a  force  which  becomes  powerful  enough  to 
effect  an  actual  fracture ;  and  the  direction,  or  at  least  the  component, 
of  this  force  is  radial  and  after  effecting  the  fracture  it  moves  the 
rock  on  one  side  of  the  crack  in  its  own  direction,  producing  verti- 
cal displacement.  In  fact  the  force  and  action  are  usually  charac- 
terized as  shearing. 

I  propose  to  treat  simple  faults  as  the  result  of  two  successive  and 
independent  actions  : 

First. — The  formation  of  the  fault-crevice. 

Second. — Dislocation,  or  the  movement  of  the  rocks. 

In  the  simple  faults  under  consideration  it  is  evident  that  com- 
pressive force  has  been  in  action  ;  the  folds  indicate  it.  Folding 
and  elevation  are  not  the  only  effects  of  compression,  and  the  fact 
that  not  merely  lines  of  weakness  but  crevices  that  are  actual  solu- 
tions of  continuity  can  be  established  by  this  force  has  long  been 
known.  The  jointing  of  rocks  was  attributed  to  it  quite  early  in  geo- 
logical study.  It  is  not  necessary  that  the  substance  acted  on  should 
contain  flat  scales  as  of  mica,  or  compressible  substances,  or  that  the 
mass  should  flow  or  be  acted  on  by  water.  Tyndall  has  shown  that 
true  cleavage  can  be  produced  in  a  perfectly  homogeneous  substance 
by  pressure  alone,  the  granular  texture  changing  to  a  scaly  texture. 
Schistose  structure  is  one  result  of  this  action  ;  and  lamination  and 
the  production  of  fissures  separated  by  thicknesses  of  unaffected  rock 
may  be  another  result. 

Why  a  force  which  acts  presumably  with  equal  power  through 
the  whole  substance  of  a  rock  should  concentrate  its  effects  on  one  or 
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on  a  few  lines  is  beyond  our  present  understanding.  We  observe 
the  fact,  however;  that  is  to  say,  we  find  these  planes  of  division 
formed  in  rocks  without  any  relation  to  their  origin  or  their  present 
sedimentary  position  ;  and  there  is  no  doubt  expressed  that  the  planes 
are  the  result  of  compression.  The  rock  between  them  may  not  ex- 
hibit even  a  coarse  scaly  structure,  though  often  the  whole  structure 
is  laraiuary.  Considered  in  its  relation  to  faults  and  veins  it  is 
probably  more  significant  to  dismiss  the  idea  of  fine  cleavage,  and 
to  say  that  one  eifect  of  compression  is  the  propagation  in  solid  and 
non  plastic  rocks  of  fissures  having  an  inclination  and  direction  that 
are  independent  of  previous  division  into  layers  by  any  means,  and 
that  are  capable  of  reaching  to  great  depths. 

One  noteworthy  consequence  of  Assuring  by  compression  is,  that 
the  crevice  does  not  occupy  the  position  of  any  previous  line  of 
weakness,  and  probably  it  does  not  take  place  when  there  is  any 
other  mode  of  relief  from  the  pressure.  The  force  is  extremely 
powerful,  but  acts  through  small  spaces.  A  gentle  folding  may  be 
enough  to  relieve  the  pressure  so  much  that  no  deformation  of  gran- 
ules can  take  place.  Where  there  is  no  folding,  or  where  it  is  too 
slight  or  too  slow  to  afford  this  relief,  deformation  and  Assuring 
may  result.  It  is  when  the  irresistible  force  meets  the  immovable 
object  that  the  granular  structure  of  the  object  gives  way.  Two  ex- 
amples will  serve  to  show  circumstances  under  which  I  believe  com- 
pression-crevices have  been  formed. 

One  of  the  veins  at  Tombstone,  Arizona,  cuts  directly  across  a 
series  of  limestone  beds  which  are  sharply  folded,  the  walls  of  the 
stopes  presenting  the  angles  shown  in  Fig.  1,  which  exhibits  the 
bedding  lines  as  they  exist  in  one  wall.  The  length  is  400  feet  and 
the  height  200  feet.  From  A  to  A  there  is  a  fault  of  1|  to  2  feet 
throw,  but  probably  this  dislocation  is  confined  to  the  slab  which 
forms  the  wall,  for  the  country  immediately  next  the  vein  exhibits 
parallel  fissuring.  All  the  bedding-lines  are  not  given.  The  per- 
fect juxtaposition  of  the  bedding-lines  on  the  opposite  walls  of  the 
vein  proves  that  there  was  no  faulting  in  the  plane  of  the  vein  itself. 

Inasmuch  as  folding  greatly  increases  the  strength  of  rocks,  as 
corrugations  do  the  stiffness  of  sheet-iron,  I  judged  that  pressure  had 
produced  fissuring  across  these  rocks  becau.se  they  were  too  much 
stiffened  by  folding  to  bend  again  at  right  angles  to  the  first  folds. 
Their  rigidity  permitted  an  accumulation  of  pressure  that  resulted 
in  lamination.  Here  we  have  one  of  the  conditions  in  which  simple 
horizontal  pressure  produces  fissuring  instead  of  folding. 
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The  vein  at  Ku  Shan  Tzu  in  Mongolia,  lies  for  half  its  length  in 
limestone  and  for  the  other  half  in  shal&s.  The  shales  are  excessively 
contorted  and  crushed  to  small  bits,  each  of  which  is  perfectly  slick- 
ensided,  showing  their  complete  deformation.  In  the  shales  there 
are  bodies  of  ore  but  nothing  like  a  continuous  fissure,  while  a  well- 
marked  fissure  exists  in  the  limestone  and  parallel  with  it  are  seams 


Fig.  I. 


Folds  in  Limestone  Beds  at  Tombstone,  Arizona. 


four  or  five  feet  wide  in  which  the  limestone  has  a  scaly  or  lamellar 
arrangement.  The  observable  facts  indicate  that  when  the  rocks 
were  under  compression  the  shales  yielded  to  condensation  and  to 
flow,  for  their  granular  slickensided  texture  shows  not  only  a  mo- 
bility comparable  to  that  of  coarse  sand  but  gives  evidence  that  the 
particles  did  move  on  each  other.  In  thus  failing  to  withstand  the 
full  compressive  force  the  shales  threw  an  increased  burden  upon  the 
limestone,  in  which  compression-crevices  were  formed. 

The  action  I  conceive  to  have  taken  place  here  is  comparable  to 
what  would  take  place  if  two  small  blocks  were  placed  on  top  of  a 
hydraulic  press  and  one  of  the  blocks  should  crush.  Evidently  a 
greatly  increased  pressure  would  be  thrown  upon  the  other  block. 
This  is  a  second  mode  in  which  the  pressure  necessary  for  lamination 
can  be  concentrated  on  one  point,  and  it  is  a  sufficient  explanation 
for  the  existence  at  Ku  Shan  Tzu  of  an  isolated  vein  about  750  feet 
long. 

The  result  of  these  considerations  is,  that  Assuring  may  take  place 
without  dislocation,  without  violent  rupture,  and  without  the  opera- 
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tion  of  radial  force.  Compression-crevices  must  be  very  abundant, 
and  they  explain  how  it  is  that  a  whole  district  may  be  prepared  for 
subsequent  faulting,  and  why  one  locality  is  weaker  than  another. 
If  there  is  plastic  flow  in  underlying  rocks,  these  crevnces  give  op- 
portunity for  the  transformation  of  the  horizontal  movement  to  a 
vertical  direction.  Considering  the  abundance  and  depth  of  com- 
pression-crevices, it  seems  to  be  unnecessary  to  look  upon  faulting  as 
a  fracturing  or  shearing  of  rocks.  It  is  more  likely  to  be  a  move- 
ment of  rocks  that  are  separated  already  by  divisional  planes,  and 
the  faulting-force  may  be  entirely  distinct,  both  in  origin  and  in 
time  of  action,  from  the  fissu ring-force. 

In  regard  to  the  second  branch  of  the  subject — the  dislocation  or 
movement  of  the  rocks — there  is  one  fact  which  may  be  used  to 
guide  our  conceptions.  The  rise  of  the  foot-wall,  or  the  coincident 
rise  of  one  and  fall  of  the  other  wall,  cannot  be  accomplished  with- 
out shortening  the  fault  or  stretching  the  rocks  of  which  the  wall  is 
composed.  I  will  assume  that  the  fault  is  actually  shortened.  As- 
suming that  the  walls  rise  and  fall  in  circular  arcs,  a  fault  which 
now  measures  1000  feet  in  length,  and  has  a  throw  of  100  feet,  must 
have  had  a  length  of  1026  feet  before  dislocation  began,  provided 
the  throw  was  confined  to  one  wall.  If  its  length  is  1000  feet,  and 
throw  200  feet,  the  length  of  the  original  crevice  was  1103  feet.  In 
one  case,  there  has  been  a  shortening  of  26  feet  by  faulting,  and  in 
the  other  case  of  103  feet.  A  fault  20,000  feet  long,  with  a  throw 
of  2000  feet,  entirely  on  one  side,  has  been  shortened  520  feet. 

What  becomes  of  the  quiescent  wall  while  the  moving  one  shortens 
100  feet  or  more?  The  mere  statement  of  the  question  shows  that 
in  ordinary  cases  both  walls  have  participated  in  the  movement, 
though  cases  are  known  where  this  is  not  true. 

Such  effects  can,  of  course,  be  produced  by  compression  in  the 
direction  of  the  fault's  strike,  or  at  right  angles  to  the  direction  of 
the  compression  which  produced  the  crevipe.  It  is  evident  that  a 
compression-crevice  may  be  produced  in  rocks  without  altering  their 
liability  to  folding  or  other  movement,  under  the  operation  of  some 
other  force.  It  is  conceivable  that  concentric  pressure  is  resolvable 
into  two  components,  one  producing  a  compression-crevice,  the  other, 
too  weak  to  affect  the  rock  until  the  crevice  had  been  formed,  but 
acting  then,  to  form  an  anticlinal  on  one  side  of  the  crevice  and  a 
synclinal  on  the  other.  In  that  case,  the  half-throw  of  the  20,000- 
foot  fault  we  have  imagined  would  be  1000  feet,  and  the  shortening 
of  the  crevice  by  faulting  would  be  only  133  feet  instead  of  520  feet, 
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which  would  be  its  amount  if  the  dislocation  were  all  on  one  side. 
A  very  moderate  movement  of  contraction  can  produce  very  pro- 
nounced effects  of  faulting  when  both  walls  participate  in  the  move- 
ment. 

Let  us  consider  the  case  of  a  fissure,  a  mile  long,  propagated  in 
rocks  essentially  horizontal,  and  subjected,  after  completion  of  the 
fissure,  to  pressure  parallel  with  it,  i.e.,  to  pressure  endwise  to  the 
fissure,  and  that  the  result  of  pressure  is  folding.  The  rock  on  the 
two  sides  of  the  fissure  now  forms  two  members  entirely  independ- 
ent of  each  other,  and  may  act  even  in  contrary  directions.  One 
may  fold  into  a  synclinal,  the  other  an  anticlinal,  producing  move- 
ment in  opposite  directions,  or  faulting,  and  the  throw  of  this  fault 
will  increase  from  the  ends  toward  the  middle.  Faults  with  a  throw 
increasing  toward  the  center  are,  of  course,  common. 

If  the  rock  on  opposite  sides  of  the  crevice  is  thrown  into  a  series 
of  folds,  the  amount  of  throw  may  vary,  from  point  to  point,  de- 
pending upon  the  position  of  the  folds.  If  the  apexes  on  one  side 
are  coincident  with  the  hollows  on  the  other  side,  the  observed  throw 
will  be  a  maximum  ;  but  if  they  are  not,  it  is  evident  that  a  perplex- 
ing series  of  diverse  throws  may  result.  Such  faults,  also,  are 
known. 

If  anticlines  only  are  formed  on  both  sides  of  the  crevice,  there 
may  still  be  faulting  if  the  apex  on  one  side  is  near  one  end  of  the 
fissure,  and  near  the  other  end  on  the  other  side.  A  null  point  is 
then  formed  where  the  two  slopes  cross  each  other.  In  fact  all  the 
phenomenon  observed  in  the  throw  of  faults  may  theoretically  be 
produced  by  independent  folding  on  the  opposite  sides  of  the  crevice. 

It  is  evident  that  this  mode  of  faulting  is  especially  applicable  to 
dip-faults  and  it  is  a  serious  question  whether  mo.st  of  these  faults 
are  not  produced  by  the  simple  action  of  compression  parallel  to  the 
fault,  resulting  in  a  different  effect  upon  the  rocks  in  the  opposite 
walls  already  divided  by  a  plane  produced  by  a  like  exertion  of  hori- 
zontal compressive  force.  The  literature  of  geology  contains  many 
descriptions  of  such  faults;  but  they  are  described  as  faults  in  folded 
rocks  instead  of  being  considered  as  the  folding  of  fissured  rocks.  In 
evidence  that  the  facts  have  been  recognized,  though  the  explanation 
given  was  the  reverse  of  mine,  I  will  adduce  two  cuts  from  the 
article  on  "Geology"  in  the  Micydoptedia  Britannioa,  ninth  edi- 
tion. 

Figure  2  is  an  example  of  faulting  by  the  sinking  of  one  wall 
while  the  other  remains  quiescent.     In  this  case  there  can  be  no 
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doubt  that  Assuring  preceded  the  faulting  and  gave  opportunity 
for  it. 

Figure  3  is  spoken  of  by  Dr.  Geikie  as  an  example  of  faulting  in 
contorted  strata  and  as  showing  how  a  varying  dip  is  produced. 
The  sketch  illustrates  perfectly  the  suggestion  I  make  above,  that 
faulting  may  take  place  without  the  operation  of  any  vertical  force, 
and  be  due  entirely  to  horizontal  pressure  producing  folds  at  right 
angles  to  the  line  of  a  compression-crevice.  Any  other  mode  of 
accounting  for  varying  dip  implies  horizontal  motion  in  the  walls  in 
order  to  shove  the  anticlines  on  one  side  to  a  position  opposite  the 
synclines  on  the  other,  and  such  movement  could  hardly  take  place 
without  causing  cross  ruptures  at  the  ends  of  the  fault. 

Inclined  faults  offer  the  greatest  stumbling-block  to  the  geologist. 
In  most  of  them  the  foot-wall  has  risen  relatively  and  as  the  rising 
block  is  narrowest  at  the  surface  and  widest  in  depth,  it  follows  that 
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the  wide  part  has  risen  up  to  take  the  place  of  the  narrow  part.  If 
the  faulting  is  assumed  to  be  the  result  of  an  upward  pushing  force 
that  first  breaks  the  rock  and  then  thrusts  it  upward,  it  is  evident 
that  room  for  the  widened  block  must  be  made  and  in  one  of  three 
ways:  (1)  by  pushing  the  hanging-wall  aside;  (2)  by  folding  par- 
allel to  the  crevice;  (3)  by  reverse  faulting  somewhere  in  the  neigh- 
borhood. In  the  case  of  the  Comstock  lode,  which  some  geologists 
assume  to  occupy  a  fault,  the  dip  is  about  45°  and  the  throw  is  as- 
sumed to  be  more  than  2000  feet.  The  first  case  (1)  is  evidently 
impossible,  for  if  the  hanging-wall  had  been  pushed  nearly  half  a 
mile  to  the  east  there  would  certainly  be  some  sign  of  the  action. 
No  evidence  of  (2)  folding  or  (3)  reverse  faulting  has  ever  been  found  ; 
but  the  neighborhood  has  not  been  studied  carefully  enough  to  deter- 
mine the  facts. 
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Upon  this  question  I  have  merely  to  say  that  there  has  been  no 
forcing  of  a  wide  block  into  the  place  of  a  narrow  one.  If  such  a 
movement  has  taken  place  it  was  because  room  was  prepared  by  con- 
temporaneous movement  for  the  wide  part  of  the  block.  The  en- 
trance of  the  wide  base  was  a  relief  to  the  operating  strains  and  not 
an  addition  to  them. 

Anything  that  contracts  the  rocks  on  either  side  of  the  crevice  re- 
quires the  elevation  of  the  wide  base  to  take  the  place  of  the  narrow 
top.  This  is  necessary  to  support  the  hanging-wall,  which  would 
otherwise  fall  in  and  give  us  evidence  of  that  action.  Folding  par- 
allel to  the  fissure  would  produce  the  contraction  necessary.  When 
a  compression-crevice  is  established  in  the  slope  of  a  forming  fold 
the  continuation  of  folding  would,  or  might,  produce  faulting;  for 
contraction  would  be  produced  on  both  sides  of  the  crevice. 

It  is  conceivable,  therefore,  that  the  whole  phenomenon  should  re- 
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suit  from  the  constant  action  of  a  horizontal  force  in  one  direction 
upon  a  mass  of  rock  too  rigid  to  yield  by  folding  at  the  same  rate  at 
which  the  force  increases.  Folding  begins  but  is  not  great  enough 
at  first  to  prevent  fissuring,  and  when  the  fissure  is  completed  the 
result  of  continued  folding  is  dislocation,  or  faulting,  in  proportion 
to  the  reduction  of  area  by  further  folding.  How  often  we  read  that 
a  given  fault  is  in  a  fold  and  ])arallel  with  it  but  not  in  the  crest! 
It  is  on  one  flank  of  the  fold.  The  rate  of  folding  did  not  equal  the 
rate  of  transmission  of  the  force;  and  the  super-abundant  pressure 
produced  fissuring,  not  where  folding  gave  the  greatest  relief  but 
near  by.     The  area  of  maximum  effect  is  on  one  side  of  the  fissure. 

The  formation  of  a  crevice  in  rocks  that  are  undergoing,  or  after- 
wards undergo,  movement  from  any  cause  operates  to  relieve  the 
dynamic  agent  from  a  part  of  its  load,  since  the  solution  of  contin- 
uity destroys  the  cohesion  of  the  rock  by  which  areas  adjacent  to  the 
area  of  greatest  effect  were  dragged  into  the  movement.     When  a 
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stratum  is  too  stiff  or  too  heavy  to  be  lifted  by  the  force  acting  on 
it,  the  formation  of  a  compression-crevice  may  permit  elevation  over 
the  area  of  greatest  effect  by  removing  part  of  the  load.  The  former 
balance  between  force  and  work  disappears. 

This  is  true  also  for  sinking  of  the  hanging-wall  under  a  load  of 
sediments.  The  force  then  is  valued  at  so  much  weight  per  square 
foot;  and  as  the  hanging-wall  is  widest  at  the  top  its  load  is  actually 
greater  than  that  of  the  foot- wall.  If  it  is  enough  to  induce  folding 
at  some  distant  point,  the  reduction  of  area  ensuing  would  require  the 
sinking  of  the  wide  top. 

Such  considerations  are  operative  in  long  faults,  and  it  is  possible 
they  might  explain  short  faults  in  the  line  of  a  long  elevation;  for 
long  elevations  are  very  irregular  in  direction,  often  curving  in  and 
out  strongly.  These  curves  may  indicate  a  local  increase  in  the  in- 
tensity either  of  force  or  of  resistance,  and  therefore  explain  how 
folding  or  faulting  are  produced  at  different  points. 

The  most  important  fact  for  our  guidance  in  discovering  the  method 
of  faulting  is  that  already  pointed  out,  that  dislocation  shortens  the 
fault.  There  are  faults  that  have  branches  setting  out  at  right  angles 
from  the  main  fault,  and  in  such  cases  a  tearing  apart  of  the  rock  is 
probably  indicated. 

The  Raymond  and  Ely  vein  in  southeastern  Xevada  occupies  a 
crevice  in  quartzite  that  is  probably  faulted,  and  it  is  certain  that 
cross-faults  branch  out  from  it  or  cross  it,  but  whether  this  condi- 
tion is  due  to  faulting  without  longitudinal  contraction  I  cannot  say. 
In  most  cases,  however,  this  phenomenon  is  not  seen  and  the  short- 
ening of  the  fault  must  have  been  accompanied  by  compression 
lengtliwise  of  the  fault.  This  being  so,  it  seems  better  to  accept  the 
longitudinal  compression  as  the  cause  of  the  faulting  and  not  as  the 
result  of  a  dragging  action  exerted  on  the  rock  by  some  other  force 
to  which  faulting  is  due. 
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BY  A.    NEUSTAEDTER,    E.M.,    HELENA,    MONTANA. 
(Montreal  Meeting,  February,  1893.) 

Thk  following  method  of  plumbing  a  shaft,  suggested  itself  to 
me  as  practicable  and  at  the  same  time  more  accurate  than  tiie 
methods  commonly  employed. 

It  consists  in  obtaining  a  longer  base  by  suspending  the  plumb- 
lines  from  the  extreme  corners,  lengthwise  of  the  shaft,  and  repro- 
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ducing  the  bearing  by  offset-points  on  sticks  attached  to  the  plumb- 
lines,  and  supported  on  floating  corks.  This  allows  the  wires  freedom 
of  motion,  while  at  the  same  time  steadying  them. 

The  points  are  then  taken  up  by  trial-setting,  or  by  setting  over 
one  point  and  taking  a  direct  sight  to  the  other. 

Fig.  I. 
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Elevation  and  Plan  of  A  a  (Fig.  1. 
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Figs.  1,  2  and  3  illustrate  the  practical  application  of  the  new 
method.     The  same  parts  are  lettered  alike  in  the  three  figures. 

Fig.  1  represents  a  three-compartment  shaft,  the  partitions  of 
which  would  prevent,  in  the  usual  methods,  the  employment  of  a 
base  longer  than  could  be  got  in  one  compartment,  or  say,  4  feet. 
But  at  the  station  on  each  level,  there  will  be  a  clear  space  along  the 
whole  shaft,  or  at  least  the  two  cage-compartments.  In  the  case 
illustrated,  it  is  assumed  that  the  whole  inside  length  of  the  shaft 
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will  be  available  for  observations  at  the  station ;  and  wires  A  and  B 
are  hung;  on  the  line  of  known  bearing,  A  B,  in  the  corners  of  the 
shaft.  The  bobs  of  A  and  B  at  the  bottom  of  the  shaft  hang  in  ves- 
sels filled  with  water  and  covered. 

At  the  first  level,  sticks  C  C  are  attached  to  wires  A  and  B,  by 
causing  the  latter  to  pass  through  saw-cut  grooves,  into  which  can- 
dle-drippings are  allowed  to  fall,  in  order  to  make  them  hold  the 
wires  more  firmly.  These  sticks  extend  into  the  station,  as  shown 
at  a  and  b,  Fig.  1,  and  on  a  larger  scale  by  the  elevation  and  plan 
of  the  stick  A  a,  given  in  Figs.  2  and  3  ;  and  the  other  end  of  each 
is  supported  at  a  pin-point  at  a  measured  distance  from  the  plumb- 
wire,  upon  a  cork  floating  in  a  vessel  filled  with  water.  (See  pin- 
point a  and  cork  D  in  vessel  E,  Fig.  2).  A  5-pound  lard-can 
answers  very  well  for  this  vessel.  The  stick  must  be  level  when 
it  is  thus  floated  on  D.  The  distance  from  pin-point  a  to  the 
similar  point  6  (see  Fig.  1)  must  be  kept  practically  the  same  as  the 
distance  A  B  between  the  plumb-wires.  This  is  done  with  sufficient 
accuracy,  after  properly  placing  the  vessels,  by  means  of  the  arrange- 
ment shown  in  Fig.  3,  in  which  F  is  a  piece  of  thread,  looped  loosely 
around  pin-point  a,  and  passed  through  a  hole  in  one  side  of  the  can 
(see  D,  Fig.  2),  then  over  the  stick  and  through  a  hole  on  the  other 
side,  and  then  tied  to  itself.  This  keeps  the  cork  practically  in  the 
center  of  the  can,  and  at  the  same  time  allows  motion  in  the  direc- 
tion a  A. 

If  room  permits,  the  instrument  can  be  set  in  the  line  of  pin-points, 
a-b.  Or,  it  can  be  set  over  pin  a,  and  sight  taken  to  6,  which  gives 
the  same  bearing  as  the  line  between  the  wires. 

This  method  has  given  me  very  satisfactory  results,  as  might  be 
expected,  since  it  permits  the  use  of  a  base  of  13J  feet  (3  compart- 
ments) or  8  feet  (2  compartments)  as  against  4  feet  wire  base,  or  ver- 
tical sighting  with  or  without  string-base. 


NOTES  ON  EMMERTONS  METHOD  FOB  THE  DETERMINA- 
TION OF  PHOSPHORUS. 

BY   H.    C.    BABBITT,    THURLOW,    PA. 
(Moutreal  Meeting,  February,  1893.) 

The  Effect  of  Arsenic. — A  question  involving  the  temperature  of 
precipitation  of  ammonium  phospho-molybdate,  which  was  brought 
to  my  attention  some  time  ago,  led  to  the  following  experiment  :* 

*  See  Journal  of  Analytical  and  Applied  Chemistry^  July,  1892,  p.  381. 
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A  known  quantity  of  arsenic  was  added  to  a  steel  solution,  and 
the  yellow  salt  was  precipitated  at  varying  temperatures,  with  the 
following  results : 


Temperature,  deg.  C 

85 

70 

60 

50 

40 

35 

20 

25 

Proportion    of   the  arsenic    added 
which  was  precipitated,  per  ct 

75.2 

63  9 

12.0 

7.8 

7.8 

43 

2.5 

0.2 

These  results  show  the  possibility  of  contamination  of  the  })hos- 
pho-molybdate  by  arsenic  if  the  temperature  exceeds  25°  C.  While 
diifering  degrees  of  dilution,  etc.,  seem  to  affect  the  percentage  of 
arsenic  precipitated,  at  25°  C.  I  have  never  found  it  to  exceed  the 
limits  of  error  of  a  phosphorus  determination. 

The  Ratio  of  Phosphorus  to  Molyhdic  Add  in  the  Ammonium 
Phospho-3Iolybdate. — A  quantity  of  ammonium  phospho-molybdate 
was  carefully  prepared  at  25°  C.  by  the  addition  of  microcosraic  salt 
to  an  ammonium  molybdate  solution.  This  was  carefully  washed 
by  decantation  with  water,  until  the  final  decantation  contained  less 
than  .00001  per  cent,  of  the  original  solution,  then  transferred  to  a 
porcelain  evaporating-dish  and  dried  at  85°  C.  to  90°  C.  for  three 
days,  with  no  contamination  by  organic  matter.  The  result  was  a 
fine  pulverulent  yellow  salt,  with  no  tendency  to  caking,  showing  no 
sodium,  and  completely  soluble  in  ammonium  hydrato  to  a  clear, 
colorless  solution. 

The  phosphorus  was  determined  : 

(1)  By  direct  precipitation  of  the  ammoniacal  solution  with  mag- 
nesium mixture. 

(2)  By  Hundeshagen's  method  of  freeing  the  solution  from  mo- 
lybdic  acid  before  precipitation  of  the  ammonium  magnesium  phos- 
phate, by  the  saturation  of  the  ammoniacal  solution  with  H2S,  acidu- 
lation  with  HCl,  and  filtering  from  the  precipitated  MoS.  After 
this  treatment,  less  than  0.02  per  cent,  of  molybdic  acid  remained  in 
the  solution.  The  resulting  determination?  of  phosphorus  were  as 
follows : 

By  method  (1),  1.622  and  1.625  per  cent.;  by  (2),  1.626  and  1.631 
per  cent.;  average  of  all,  1.626  per  cent. 

The  molybdic  acid  was  determined  by  precipitation  of  lead  mo- 
lybdate PbO,Mo03  and  lead  phosphate  Pb3,(POj2  by  lead  acetate 
in  an  acetic  acid  solution,  washing  by  decantation  with  boiling  water, 
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filtering  on  a  weighed  paper,  and  drying  at  100°  C.  to  120°  C. 
The  final  decantation  showed  no  trace  of  lead,  proving  the  mixed 
salts  to  be  insoluble  in  boiling  water.  The  resulting  determinations 
of  molybdic  acid  were  90.334  per  cent,  and  90.287  per  cent. ;  aver- 
age, 90.315  per  cent. 

The  yellow  salt,  dried  at  150°  C,  lost  0.99  per  cent,  of  water. 
Further  drying  for  fourteen  hours,  at  180°  C,  gave  no  additional 
loss,  and,  notwithstanding  theammoniacal  solution  was  slightly  blue 
in  color,  titration  with  a  dilute  solution  of  KgMn^Og  showed  that  no 
perceptible  reduction  of  molybdic  acid  had  taken  place. 

These  results  would  give  the  phospho-molybdate  the  following 
composition : 

Per  cent. 

(NHJA 4.091 

PA. 3.724 

M0O3, 90.315 

H2O 990 

And  the  ratio  of  phosphorus  to  molybdic  acid  :=  1.80  per  cent. 

In  view  of  the  difficulties  attending  the  analysis  of  this  salt  and 
the  well-known  law  of  chemical  reactions  that  the  ratio  between 
combining  atoms  is  simple,  it  seems  rational  to  assume  that  the  com- 
position of  the  salt  corresponds  to  the  formula  (NH4)g  03,2-lMo03, 
P2O5,  with  a  percentage  composition  of: 

Per  cent.  Per  cent. 

(NH,)A, 4.101 

P2O5, 3.733  Phosphorus  =  1.63 

M0O3 90.849 

Katio  of  phosphorus  to  molybdic  acid  =  1.794  per  cent. 

Reduction  of  Molyhdie  Acid. — In  reducing  M0O3  preparatory  to 
its  oxidation  with  KaMugOg,  I  use  a  modified  form  of  Jones's  redac- 
tor, consisting  of  a  tube  about  |-inch  internal  diameter,  filled  with 
powdered  zinc  to  about  6  inches. 

The  reduction  seems  to  be  more  perfect  than  with  the  addition  of 
zinc  to  a  sulphuric-acid  solution,  as  used  in  Eramerton's  original 
method.*  With  a  KaMngOg  solution  (1  c.c  =  0.006703  iron),  I  ob- 
tained the  following  determinations  of  K^MnaOg,  corresponding  to 
0.5  grammes  of  phospho-molybdate,  viz. :  77.14,  77.15,  77.10,  77.15, 
77.20;  average,  77.15  K2Mn208.  Assuming  the  salt  to  contain  1.63 
per  cent,  of  phosphorus,  and  the  ratio  of  phosphorus  to  molybdic 
acid  to  be  1.794,  molybdic  acid=  iron  X  87.847. 

*  Trans.,  xv.,  93. 
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A  number  of  determinations  were  made  with  varying  quantities 
of  molybdic  acid,  and  all  ranged  from  87  to  88.  For  the  purpose  of 
comparing  these  results  with  Emraerton's,  the  following  determina- 
tions were  made,  as  in  Emmerton's  original  paper,  using  20  grammes 
of  zinc  for  reduction.  The  results  from  0.5  grammes  of  phospho- 
molybdate  were:  KaMnPg,  74,65,  74.65,  74.60;  average,  74.63. 
This  gives  molybdic  acid  =  iron  X  90.814  as  against  the  theoretical 
value  of  90.76.  This  would  make  for  the  solution  of  KaMugOg,  1 
c.c.  =  0.006436  iron  =  .0001  P.,  instead  of  1  c.c.  =  .006141  irom^ 
.0001  P. 

If  the  IMoOg  were  reduced  to  MogOg,  we  should  have  Mo03  = 
iron  X  85.714.  Hence  the  reduction  seems  to  be  at  an  intermediate 
point  between  M02O3  and  M012O19,  the  formula  quoted  by  Emmer- 
ton  from  Werncke  for  the  sulphuric  acid  and  zinc  reduction. 

This  is  an  interesting  point,  and  I  should  be  glad  if  other  mem- 
bers of  the  Institute  felt  disposed  to  make  comparative  tests. 

Speed  of  Reduction. — Incidental  to  the  reduction  with  K2Mn20g,  I 
noted  the  effect  of  the  speed  of  reduction  and  the  rate  of  oxidation 
of  the  reduced  solution  when  exposed  to  the  air. 

Varying  the  speed  of  reduction  of  a  200  c.c.  solution  acidified  with 
10  c.c.  H2SO4  from  twelve  minutes  to  two  minutes,  I  found  the  results 
to  be  coincident.  With  greater  speed  the  reduction  was  less  com- 
plete, so  that  in  one  case,  where  the  time  was  thirty  seconds,  nearly 
10  per  cent,  escaped  reduction. 

The  reduced  solution,  after  standing  exposed  to  the  air  for  thirty 
minutes,  showed  no  oxidation. 

Temperature. — To  determine  whether  all  the  phosphorus  was  pre- 
cipitated at  25°  C,  whether  the  ratio  of  phosphorus  to  molybdic 
acid  remained  constant  regardless  of  the  temperature  of  precipitation, 
and  whether  the  presence  of  Fe2(N03)6  had  any  effect  on  the  com- 
position of  the  phospho-molybdate,  0.100  P  was  added  to  a  steel 
solution  and  precipitated  at  25°  C.  and  85°  C,  the  proper  checks 
being  made  on  the  steel  at  those  temperatures.     The  results  were: 

At  Phosphorus. 

Per  cent. 

25°  C 0.101 

85°  C, 0.103 

The  difference  is  within  the  limits  of  experimental  error,  and 
shows  that  all  the  phosphorus  is  precipitated  at  25°  C.  with  five 
minutes'  shaking,  and  that  the  composition  of  the  phospho-molyb- 
date is  constant. 
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AX  INVESTIGATION  OF   COALS  FOR  MAKING   COKE  IN 

THE  SEMET-  S  OL  VA  Y  0  YENS,    WITH  THE  RE  CO  VER  Y 

OF  AMMONIA  AND  TAR;  AND  REMARKS  ON 

THE  SOURCES  OF  AMMONIA. 

BY  J.    D.    PENNOCK,    SYRACUSE,    N.    Y. 

(Montreal  Meeting,  February,  1893.) 

About  a  year  and  a  half  ago,  Mr.  Morris,  an  engineer  of  the  Sol- 
vay  Process  Company,  wassent.  to  Belgium  and  France  to  study  the 
manufacture  of  coke  in  the  Seraet-Solvay  ovens,  which  were  in 
operation  at  Havre. 

With  complete  plans  of  construction  and  a  good  understanding  of 
the  methods  of  running  the  ovens,  he  returned  to  Syracuse.  Work 
on  twelve  Semet-Solvay  ovens  was  immediately  begun.  These  ovens, 
with  plant  for  crushing  and  washing  coal,  and  the  necessary  con- 
densers, scrubbers,  and  concentrator  for  the  recovery  of  the  by- 
products are  nearly  finished,  and  will  soon  be  in  operation. 

As  the  work  approached  completion  it  became  necessary  to  deter- 
mine what  coal  should  be  used.  Accordingly,  a  chemical  investiga- 
tion of  the  various  bituminous  coals  was  made. 

I.  Investigation  of  Coals. 
The  samples  of  coal  taken  for  analysis  were:  I.  A  sample  of 
Reynoldsville  coal  that  had  been  exposed  to  the  weather  for  a  year; 
II.  Reynoldsville  coal  taken  from  a  car  direct  from  the  mine;  III. 
Morris  Run  lump  coal;  IV.  Morris  Run  fine  coal ;  V.  Coal  from 
the  Fairmount  Coal  and  Coke  Company  ;  VI.  A  special  engine- 
coal  from  Pardee  colliery,  Phillipsburg,  Pa.;  VII.  South  Fork, 
Pa.,  coal;  VIII.  Coal  from  Laceyville,  111.;  IX.  Pittsburgh  bitu- 
minous coal  from  Ocean  mines  (gas-coal);  X.  Steubenville,  Ohio, 
coal ;  XI.  Evansville,  Indiana,  coal ;  XII.  Coal  from  the  Ohio 
Coal  Company. 

Proximate  Analysis. 

I.  II.         III.         IV.         V.  VI. 


Water  at  90°  C  * 

Volatile,  . 

31.14 

33.00 

17.73 

18.12 

37.20 

23.86 

Fixed  Carbon, . 

64.49 

58.07 

7L92 

71,89 

56.68 

73.00 

Ash, 

4.37 

8.93 

10.35 

9.99 

6.12 

3.14 

Coke, 

68.86 

67.00 

82.27 

81.88 

61.88 

76.80 

*  Dried  before  analysis. 
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VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

Water  at  90°  C, 

12.20 

.28 

.88 

6.73 

1.64 

Volatile,   . 

.     15.51 

41.60 

39.09 

40.44 

38.48 

42.275 

Fixed  Carbon,  , 

.     78.60 

41,15 

57.33 

56.60 

43.74 

45.92 

Ash, 

.       5.84 

5.04 

3.30 

2.07 

11.04 

10.16 

Coke,        .        .        .     84.14    46.19     60.63     58.67     54.78     56.08 

I.,  II.,  III.,  and  IV.  all  produced  a  very  good  coke.  VII.,  on 
account  of  low  volatile  matter,  produced  a  soft  coke.  The  others 
produced  hard  cokes,  but  swelled,  some  more  than  others.  If  all 
these  coals  were  available  at  the  same  price  and  would  make  coke  of 
equal  quality,  then  the  choice  would  be  of  that  coal  which  would 
yield  the  most  coke  per  ton  of  coal.  III.  and  IV.  produced  a  coke 
in  th#  laboratory  equal  to  any  of  the  others,  and,  per  hundred  of 
coal,  produced  more  coke;  and  hence  these  two  coals,  on  the  score 
of  yield  of  coke,  should  be  chosen. 

Impurities  in  the  Coal  and  Coke. 

Referring  to  the  analyses,  it  will  be  seen  that  III.  and  IV.  are 
highest  in  ash,  with  one  exception — XI.  But  even  with  this  greater 
amount  of  ash,  there  is  still  a  greater  amount  of  carbon  in  the  coke 
of  III.  and  IV.  than  in  any  of  the  others,  except  VI.  and  VII. 
The  coals  from  Illinois,  Indiana,  and  Ohio  must  be  withdrawn  from 
the  competition  on  account  of  their  great  distance  from  Syracuse  and 
their  very  low  yield  in  coke. 

Sulphur  in  the  Coals  and  in  the  Coke  Made  from  Them. 

The  manufacturer  of  coke  for  general  metallurgical  purposes  must 
well  consider  the  amount  of  sulphur  in  the  coal  used.  In  coke 
made  from  each  of  the  above  samples  the  sulphur  was  determined 
in  check-analyses.  The  following  is  the  result  in  comparison  with 
the  original  sulphur  in  the  coal : 


I. 

II. 

III. 

IV. 

V. 

VI. 

Sulphur  in  Coal,  . 

f  1.21 
U.12 

2.18 
2.16 

.584 
.567 

.83 

.82 

2.23 

2.18 

.59 

.58 

Sulphur  in  Coke, 

.       1.07 

1.91 

.58 

.73 

2.04 

.55 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

Sulphur  in  Coal,  . 

.       1.38 

2.45 

.72 

.83 

1.66 

2.32 

Sulphur  in  Coke, 

.       1.22 

2.25 

.68 

.77 

1.64 

2.25 

The  coke  manufacturer  would  not  hesitate  long  in  making  a  choice 
as  regards  sulphur,  supposing  the  cokes  were  equal  in  other  respects. 
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Throwing  out  VI.,  from  which  a  good  coke  cannot  be  made,  then 
III.,  lA^.,  and  IX.  are  the  best  as  regards  sulphur.  But  IX.  is  a 
gas-coal,  and  should  not  be  considered. 

Sulphur  Present  in  Bituminous  Coal  in  Three  Forms. 

Sulphur  occurs  in  coal  combined  with  iron  as  pyrites,  FeSg,  or 
with  carbon  as  hydro-carbon,  or  as  a  fixed  sulphate,  usually  CaSO^. 

For  the  metallurgist,  sulphur  in  the  first  two  fiorms  is  specially 
injurious.  But  when  the  coke  is  to  be  used  in  kihis  for  the  burning 
of  limestone,  sulphur  in  all  forms  is  taken  up  by  the  lime,  and  ap- 
pears principally  in  the  oxidized  form — calcium  sulphate.  Espe- 
cially costly  is  the  use  of  lime  containing  sulphate  of  calciuna  in  the 
manufacture  of  caustic  soda  from  the  carbonate  of  soda.  In  caus- 
ticizing  a  ton  of  carbonate  of  soda,  lime  containing  2  per  cent,  of 
sulphate  of  calcium  converts  42  pounds  of  the  2240  pounds  of  car- 
bonate of  soda  into  the  less  valuable  product,  sulphate  of  soda. 

In  determining  the  percentage  of  sulphur  present  as  iron  sul- 
phide, I  used  Dr.  Drown's  method,*  with  the  following  result: 

Sulphur  as  FeSo. 
Coal.  Per  cent. 

I.  contained, 0.616 

III.         " 0.12 

VI.         " 0.09 

It  will  be  seen  that  the  metallic  sulphide  is  present  to  a  great  ex- 
tent in  I.,  while  in  III.  and  VI.  the  greater  part  of  the  sulphur  is 
present  as  an  organic  sulphide  and  a  fixed  sulphate.  These  analyses 
are  well  checked  by  the  analyses  of  the  ash  remaining  after  the  car- 
bon of  the  coal  had  been  burned  off. 

After  fusing  with  soda  in  the  analysis,  and  after  separating  tlie 
silica,  the  acid  filtrate,  through  the  intensity  of  its- yellow  color,  was 
an  excellent  indicator  of  the  percentage  of  iron,  and  hence  of  the 
metallic  sulphide  originally  present  in  the  coal.  No.  I.  gave  an  in- 
tensely yellow  color,  III.  gave  only  a-  slightly  tinted  solution,  and 
VI.  was  almost  colorless. 

Analysis  of  Ash  from  the  Coals. 

No  analysis  of  coal  is  complete  without  a  careful  determination  of 
the  constituents  of  the  ash.  The  percentage  of  iron  in  an  ash  may 
be  estimated  approximately  from  the  color,  though  not  with  cer- 

*  Trans.,  viii.,  569. 
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tainty,  as  the  reddish  color  may  be  due  to  the  presence  of  some  other 
oxide  ;  for  instance,  manganese.  Much  iron  in  a  coal  produces  fer- 
ric silicate,  which  fuses  at  a  low  temperature  and  forms  a  slag. 

The  possible  importance,  both  scientifically  and  commercially,  of 
the  analysis  of  an  ash,  is  well  ilhistrated  by  the  case  of  Gillespie  vs. 
Hicssel,  in  Edinburgh  (1853),  the  famous  controversy  over  the  clas- 
sification of  torbanite  as  a  coal  or  not  a  coal.* 

The  ash  analyses  of  the  coals  under  consideration  are  as  follows: 


I. 

II. 

III. 

IV. 

V. 

VI. 

Color,  . 

.     Eed. 

Red. 

Gray. 

Gray. 

Red. 

Gray. 

Silica,  . 

41.48 

40.32 

60.95 

56.31 

33.92 

44.28 

AlA,  . 

34.68 

39.02 

35.34 

34.80 

34.22 

45.20 

Fe^Os, . 

18.75 

17.81 

1.78 

6.56 

30.62 

1.23 

CaO,     . 

.      4.38 

2.65 

1.55 

2.83 

1.48 

5.14 

MgO,   . 

.12 

.07 

.04 

.05 

.11 

.101 

SO3,      . 

.42 

.46 

.28 

.37 

.51 

.78 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

Color,  . 

Red. 

Dark- 
Red. 

Yellow. 

Light- 
Yellow. 

Gray. 

Reddish- 
Yellow. 

Silica,  . 

43.95 

28.43 

50.45 

45.15 

51.37 

29.48 

AlA,  • 

39.54 

16.94 

38.09 

43.96 

22.79 

22.90 

Fe,03,  . 

15.00 

3.S.52 

7.37 

2.70 

10.72 

45.56 

CaO,     . 

1.54 

1122 

3.02 

.3.72 

10.67 

1.35 

MgO,  . 

trace. 

SO3.     .        . 

.26 

3.79 

2.25 

4.33 

2.48 

1.73 

VIII.  and  XII.  were  highly  charged 
and  XI.  contained  layers  of  gypsum. 


with  pyrites,  while  VIII. 


*  Jour.  Chem.  Soc,  1874,  p.  330 ;  Dana's  Mineralociy,  1892,  pp.  1008,  1009,  1022^. 
A  chemist  by  the  name  of  Young  had  a  patent  for  the  distillation  of  coal  at  low  tem- 
peratures, with  the  idea  of  obtaining  parafBne  oil ;  but  on  working  the  process  on  a 
comrnerciaL  scale  he  found  that  torbanite,  a  shale,  is  the  only  substance  capable  of 
being  employed  economically.  Further,  if  a  bituminous  mineral  or  "shale-stone," 
it  was  admitted  free  of  duty  into  France  and  Germany. 

An  important  fact  in  the  support  of  the  non-coal  nature  of  the  mineral  was  the  ab- 
sence of  sulphuric  acid  in  the  ash.  Phillips's  analyses  (Phillips's  Metallurgy,  2d.  ed., 
p.  136)  showed  that  the  quantity  of  sulphuric  acid  in  coals  varied  ft-om  2. 2  to  8.38  per 
cent. 

Prof.  Anderson,  an  expert  in  this  case,  stated  that  he  found  in  the  asli  of  West 
AVerayss  coal  2.73  per  cent,  of  sulphuric  acid,  and  that  in  Methyl  coal  it  was  abundant, 
while  in  torbanite  ash  he  could  not  find  any.  Other  analyses  furnished  by  experts 
show  that  the  ash  closely  resembles  that  from  bituminous  coals,  with  the  exception 
ef  the   sulphuric   acid.     The   analyses   of  the   ash   may  be   interesting   to   some. 


They  are : 

SiO,. 

AI2O3. 

FeoOa. 

CaO. 

MgO. 

SO3. 

Analyst. 

56.09 

40.04 

3.24 

.34 

.46 

none. 

T. 

Anderson 

58.51 

34.75 

7.00 

none. 

T. 

Stenhouse. 

56.70 

36.20 

3.20 

1.30 

.40 

traces. 

A 

W.  Hofraann. 

VOL. 

XXI. — 51 

802  INVESTIGATIOX   OF   COALS   FOR    MAKING   COKE. 

Nitrogen  in  Coal. 

Having  selected  the  coals  desirable  for  quantity  of  coke  per  unit 
of  coal,  for  physical  qualities,  for  low  percentage  of  ash  and  for  low 
percentage  of  sulphur,  it  remains  to  select  from  these  one  that  will 
give  the  most  ammonia  as  a  by-product. 

Coals  vary  in  nitrogen  from  0.6  per  cent,  in  anthracite  to  2  per 
cent,  in  some  bituminous  coals. 

Two  methods  were  used  in  determining  the  nitrogen.  The  first 
was  Varentrapp  and  Will's,  the  soda-lime  method,  which  is  the  com- 
bustion in  a  tube  of  the  coal  intimately  mixed  with  soda-lime,  whereby 
all  the  nitrogen  in  the  organic  substance  is  converted  into  ammonia. 
This  ammonia  is  absorbed  in  ^-normal  sulphuric  acid,  the  excess  is 
titrated  with  4-normal  caustic,  and  the  percentage  thus  determined. 

The  other  method  employed  was  Kjeldahl's,*  as  applied  to  the  de- 
termination of  nitrogen  in  coal.  One  gramme  of  the  finely  divided 
and  powdered  coal  is  placed  in  a  J-liter  flask,  made  of  good  potash 
glass,  together  with  1  gramme  of  finely-powdered  mercury  oxide,  and 
20  c.c.  concentrated  sulphuric  acid,  and  heated  to  boiling  for  three 
hours.  All  varieties  of  coal,  including  anthracite,  are  dissolved  in 
this  time.  The  cooled  contents  of  the  flask  are  then  added  to  a  |- 
liter  Erlenmeyer  flask,  containing  a  little  water ;  120  to  140  c.c.  pure 
sodium  hydrate  of  32°  B.  and  30  c.c.  of  a  10  per  cent,  solution  of 
yellow  sodium  sulphide  are  then  added ;  a  small  piece  of  zinc  is  in- 
troduced ;  the  flask  is  fitted  to  a  condenser  and  flask  for  holding  the 
condensate,  and  the  distillation  is  carried  on  for  thirty  minutes.  The 
NHg  is  distilled  in  ^--normal  sulphuric  acid,  of  which  20  c.c.  are 
used,  and  the  excess  is  titrated  with  i-uormal  caustic  with  phenol- 
phthalein. 

In  all  cases  the  Kjeldahl  method  was  used,  and  in  some  instances 
it  was  checked  by  the  soda-lime  method. 

The  determination  of  the  nitrogen  resulted  as  follows: 


I. 

II. 

III. 

IV. 

V. 

VI. 

Kjeldahl  method,    . 

.     1.96 

l.tJ2 

1.30 

1.31 

1.96 

1.85 

Soda-lime  method,  . 

.     1.92 

1.57 

1.40 

1.26 

1.87 

1.78 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

Kjeldahl  method,    . 

.     1.32 

1.02 

1.37 

1.21 

1.12 

1.16 

Soda-lime  method,  . 

.     1.29 

1.15 

It  is  generally  considered  in  gas-works  that  the  coal  highest  in 
nitrogen  gives  the  greatest  amount  of  ammonia.     The  same  would  be 

*  Jour.  Soc.  Chem.  Ltd.,  vol.  v.,  p.  506. 
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true  in  the  Semet-Solvay  ovens,  since  the  temperature  is  not  high 
enough  to  destroy  ammonia.  Coals  I.,  II.,  V.  and  VI.  are  highest 
in  nitrogen,  and,  consequently,  under  equally  favorable  conditions 
would  give  the  most  ammonia.  But  they  have  all  been  considered 
undesirable  because  of  their  high  percentage  of  sulphur.  This  leaves 
the  choice,  as  far  as  nitrogen  is  concerned,  to  III.,  IV.,  VII.  and 
IX.  IX.  is  a  gas  coal ;  VII.  is  higher  in  sulphur  than  III.  and 
IV.  III.,  IV.  and  VII.  have  very  nearly  the  composition  of  the 
coal  worked  successfully  at  Havre  in  the  Semet-Solvay  ovens,  as  will 
be  seen  by  the  following  comparison  of  analyses:  III.  Morris  Run, 
lump.     IV.  Morris  Run,  fine.     VII.  South  Fork. 


III. 

IV. 

VII. 

Havre 

Volatile,  .... 

17.73 

18.11 

15.32 

16.90 

Fixed  carbon,  . 

71.93 

71.89 

78.40 

65.50 

Ash, 

10.34 

9.99 

5.62 

15.00 

Sulphur,   .... 

.56 

.83 

1.38 

Nitrogen, .... 

1.30 

1.30 

1.32 

One  cannot  see  why  III.,  IV.  or  VII.  should  not  make  good 
coke  at  Syracuse  in  the  Semet-Solvay  ovens  if  the  Havre  coal  does, 
as  they  are  so  similar  in  composition. 

Making  coke  in  Syracuse,  one  would  have  the  advantage  in  freight 
by  using  Morris  Run  coal,  as  it  is  mined  in  the  northern  part  of 
Pennsylvania,  whereas  South  Fork  coal  is  mined  in  the  southern 
part  of  the  State. 

Two  grammes  of  each  of  the  first  six  coals  were  heated  in  a  tube 
in  a  combustion  furnace  without  air,  and  the  ammonia  expelled  was 
determined.  Two  per  cent,  of  lime  was  added  to  each,  which  quan- 
tity would  not  injure  the  quality  of  the  coke,  and  might  evolve  more 
ammonia.     The  results  of  the  experiments  were: 


Per  cent. 
Nitrogen. 

Pereent.Xitro-P^^^^°«°t.oflOO 

gen    recovered  P^^^  recovered 

by  <i'T  distma-g^^^^^^S'a. 

''^°"-                    tion. 

Percent,  of  Ni- 
trogen  by  dry 
distillat'n  with 
2  per  ct.  lime. 

Per  cent,  of 
100  parts  Nitro- 
gen by  dry  dis- 
tillation witli  2 
per  cent.  lime. 

I 

1.96 
1.62 
1.30 
1.31 
1.96 
1.85 

.21                   10.6 
.21                   12.0 
.28         1          21.0 
.21         '          16.0 

.39 
.35 
.39 
.39 
.35 
.42 

19. 
21. 
30. 
29. 

17. 

22. 

II 

Ill 

IV 

V 

.29 
.38 

14.0 
.  20.5 

VI 
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II.  Sources  of  Ammonia. 

In  the  manufacture  of  illuminating-gas  from  coal,  the  organic 
nitrogen  in  the  coal  is  in  part  converted  into  ammonia  by  the  action 
of  the  evolved  hydrogen  ;  a  part  of  the  nitrogen  remains  behind  in 
the  coke,  and  the  remainder  passes  away  and  is  condensed  in  the  tar, 
or  escapes  in  the  gas  as  free  nitrogen.  Gas-works  have  furnished,  in 
the  past,  the  crude  ammonia  liquor  from  which  all  the  salts  of  am- 
monia— carbonate,  chloride  and  sulphate — are  manufactured.  The 
new  source  of  ammonia  will  be  the  same  nitrogen  of  coal,  but  re- 
covered from  gas-producers,  coke-ovens  and  blast-furnaces.  The 
fixation  of  the  nitrogen  of  the  atmosphere  is  a  problem  yet  to  be 
solved  on  the  commercial  scale.  Without  considering  the  many  pat- 
ents granted  for  this  purpose,  we  will  briefly  discuss  the  recovery 
of  ammonia  from  gas-works,  gas-producers,  coke-ovens  and  blast- 
furnaces. 

Ammonia  from  Gas-  Wo7-ks. 

During  the  year  1886,  some  2,150,000  tons  of  bituminous  coal 
were  carbonized  in  the  manufacture  of  illuminating-gas  in  the  United 
States,  yielding  1300  pounds  of  coke  per  ton  of  coal,  or  1,397,500 
tons  of  gas-coke.  If  the  ammonia  were  recovered  from  all  of  this 
coal  at  the  average  yield  of  20  pounds  of  ammonium  sulphate  per 
ton  of  coal,  the  production  of  ammonium  sulphate  per  annum  would 
be  21,500  tons.  Probably  not  more  than  50  per  cent,  of  the  gas- 
works consuming  the  above  quantity  of  coal  are  supplied  with  the 
necessary  apparatus  for  obtaining  the  ammonia  from  the  gas  in  a 
sufficiently  concentrated  liquor  (IJ  to  2  per  cent.)  to  pay  for  redistil- 
lation. According  to  Brown's  Directory  of  Gas-Works  in  the 
United  States,  there  were  960  gas  companies  in  1887.  Of  these, 
510  manufactured  from  coal.  The  remainder  manufactured  from 
oil  or  made  water-gas,  principally  by  the  Lowe  process.  It  is  not 
practicable  to  recover  the  ammonia  unless  the  carbonization  amounts 
to  7000  tons  per  annum. 

In  selecting  a  coal  for  illuminating-gas  the  manufacturer  endeavors 
to  procure  one  high  in  volatile  matter  that  he  may  obtain  a  high 
yield  of  gas  per  ton  of  coal.  Fortunately  the  bituminous  coals  rich 
in  volatile  matter  are  usually  rich  in  organic  nitrogen,  and  conse- 
quently will  yield  more  ammonia  than  those  containing  less  volatile 
matter. 
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The  gas  passing  from  the  retort  through  the  hydraulic  main  and 
condensers  deposits  upon  the  lowering  of  its  temperature  tar  and 
ammonia,  which  are  conveyed  to  the  tar-well.  The  gas  still  con- 
tains ammonia  which  is  removed  by  a  scrubber,  and  goes  as  a  weak 
ammonia  liquor  to  the  cistern.  Here  the  ammonia  liquor  from  the 
tar-well  is  added.  From  this  cistern  the  liquor  is  pumped  to  the 
distiller  or  concentrator  and  is  made  into  crude  ammonia  liquor 
(17  per  cent.  NH3)  or  is  converted  into  sulphate. 

The  following  are  analyses  of  the  coal  used  in  two  representative 
gas-works  of  New  York  State : 


Works  (A). 

Works  (B). 

Cannel. 

Moistu  re 

.28 

39.09 

57.33 

3.30 

60.63 

1.37 

.72 

.88 

38.66 

54.18 

6.28 

60.46 

1.46 

1.24 

.76 

54.20 

38.30 

6.74 

45.04 

1.34 

.81 

Volatile 

Fixed  Carbon 

Ash 

Coke 

Nitrogen .• 

Sulphur 

Coal  used  in  works  (A)  is  from  the  Ocean  mines,  Pittsburgh, 
that  used  in  works  (B)  is  from  Westmoreland. 

Each  works  uses  1  per  cent,  of  cannel  coal  from  Kentucky,  of 
which  the  composition  is  given  above. 

The  following  are  the  tests  of  the  weak  liquors  from  the  above 
gas-works,  (A)  using  the  Standard  scrubber  and  (B)  the  Wood 
scrubber. 


Works  (A). 

Works  (B). 

Tar  Well. 

Scrub'er. 

To  Con- 
centrator. 

Tar 
Well. 

Scrubber. 

To  Con- 
centrator. 

Deg.  B,  at  20°  C 

1.3 
1.011 
1.01 
.26 
1.27 

2.1 

1.015 

2.26 

.09 

2.35 

2. 

1.014 

2.02 

.14 

2.16 

1.2 

1.01 

.64 

.42 

1.06 

2. 

1.014 
1.92 

.27 
2.19 

1.9 
1.013 

1.87 

.26 

2.13 

Sp.  Gr 

Free  Ammonia 

Fixed        "         

Total         "        
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Ammonia  Recovered  During  the  year  1891. 


Works  (A). 

Works  (B). 

Coal  carbonized,  in  tons  (2000  lbs.) 

13,542 

12,520 

Per  cent.  Nitrogen  in  coal, 

1.37 

1.45 

Ammonium  Sulphate  recovered,  lbs... 

280,252 

240,496 

Ammonium  Sulphate  per  ton  coal,  lbs. 

20.72 

19.2 

Production  of  Tar. 
During  the  year  1891,  works  (A)  recovered  187,567  gallons  of 
tar  or  14  gallons  per  ton  of  coal  carbonized  ;    works  (B)  obtained 
168,570  gallons  or  13.4  gallons  per  ton  of  coal. 

What  Temperature  in  the  Gas-Retort  Yields  the  Most  Ammonia. 
Lewis  T.  Wright*  finds  that  at  very  low  distillation-temperature 
the  yield  of  ammonia  is  low;  that  a  medium  temperature  brings  out 
a  maximum,  and  that  beyond  this  higher  temperatures  result  in  a 
slightly  diminished  production.  The  following  are  the  different 
temperatures  which  are  expressed  by  the  yield  of  gas  in  cubic  feet 
per  ton  of  coal : 


Temperature. 

Coal  yielding  cubic  ft. 
per  ton. 

Ammonia  (NH3)  per 
ton  of  coal. 

Sulphate  (NH4)2S04 
per  ton  coal. 

Highest 

11,620 

10,162 

9,431 

7,512 

7.411  lbs. 
7  894  " 
7.504   " 
6.391   " 

28.75  lbs. 
30.62   " 
2911   " 

24.79   " 

1 

Medium 

Lower ". 

Lowest 

The  Temperature  at  which  Ammonia  {NH^  is  Decomposed. 

When  gas-retorts  are  maintained  at  very  high  temperatures,  there 
is  a  possibility  of  dissociation  of  the  ammonia.  This  takes  place 
in  gas-retorts  and  closed  coke-ovens  at  lower  temperatures  than  in 
gas-producers. 

Ramsay  and  Young  f  have  investigated  the  decomposition  of 
ammonia  at  different  temperatures  with  the  following  results : 

1.  In  a  porcelain  tube  filled  with  broken  pieces  of  porcelain  : 

*  Jour.  Soc.  Chem.  Ind.,  vol.  vii.,  p.  62. 
t  Jour.  Cliem.  Soc,  vol.  xlv.,  p.  88. 
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Temperature  Per  cent. 

Centigrade.  ^  Decomposed. 

500 1.57 

520 2.53 

600 18.28 

620 25.28 

680 35.01 

690 47.71 

810-830 69.50 

2.  In  an  iron  tube  filled  with  broken  pieces  of  porcelain  : 

Temperature  Per  cent. 

Centigrade.  Decomposed. 

507-527 4.15 

600  (current  very  fast), 21.36 

600  (current  slower), 34.44 

628 65.43 

676-695 66.57 

730 93.38 

780 100. 

3.  In  a  plain  glass  tube  filled  with  fragments  of  broken  glass 
tubing.     At  780°  C,  1.72  per  cent,  was  decomposed. 

4.  In  a  plain  glass  tube  lying  in  an  iron  tube.  At  780°  C,  .24 
per  cent,  decomposed. 

5.  In  a  glass  tube  filled  with  strips  of  ignited  asbestos.  At  520° 
C,  2.90  per  cent,  decomposed  ;  at  780°  C,  100  per  cent,  decom- 
posed. 

6.  In  a  plain  iron  tube  (no  oxide  of  iron  present).  At  780°  C, 
100  per  cent,  decomposed. 

It  will  thus  be  seen  that  under  the  most  favorable  conditions 
ammonia  begins  to  decompose  at  about  500°  C.  The  nature  of  the 
surface  of  the  vessel  has  a  very  great  influence  on  the  decomposition. 

The  Distribution  of  the  Nitrogen  of  Coal  in  Making  Illuminating 

Gas. 

William  Foster*  accounts  experimentally  for  the  nitrogen  of  coal 
during  carbonization  in  the  following  way ;  the  coal  treated  con- 
taining 1.73  per  cent,  of  nitrogen  : 

Per  cent,  nitrogen  evolved  as  NII3  in  distillation  0.251 ;  per 
cent,  nitrogen  evolved  as  cyanogen,  0.027 ;  amount  of  nitrogen  in 
coke  furnished  by  100  parts  coal,  0.842 ;  nitrogen  from  100  parts 
of  coal  unaccounted  for,  the  larger  portion  of  which  is  presumably 

*  Jour.  CJiem.  Soc,  vol.  xliii.,  pp.  105  to  110. 
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present  a?  free  nitrogen  in  the  coal-gas,  0.610. — Tolal,  1.730  per 
cent.  (Watson  afterwards  found  coal-tar  to  contain  1.66  per  cent, 
nitrogen). 

If  these  figures  are  further  reduced  to  percentages  on    100  parts 
of  nitrogen,  their  relation  to  each  other  becomes  more  intelligible. 
t 

Per  cent. 
Nitrogen  of  coal  evolved  as  ammonia  (XH3),  ....     14.50 

"  "  "         cyanogen, 1.56 

Nitrogen  present  in  the  gas  as  elementary  nitrogen,         .         ,     35  26 
Nitrogen  remaining  behind  in  the  coke,  .....     48.68 


100.00 


Gas-Produce7\s. 

In  his  address*  before  the  Society  of  Chemical  Industry,  in  1889, 
Mr.  Ludwig  Mond  very  fully  describes  his  process  of  obtaining  am- 
monia from  gas-producers.  Messrs.  Rickman  and  Thompson  ob- 
tained patents  for  a  process  for  the  formation  of  ammonia  from  the 
nitrogen  of  the  air.  They  accomplished  their  object  by  passing  air 
and  steam  through  a  deep  coal-fire.  Mr.  Mond,  in  his  experiments 
on  this  process,  found  that  though  some  ammonia  was  obtained,  there 
was  twice  as  much  ammonia  formed,  when  the  coal  was  burned  at  a 
moderate  temperature  by  means  of  steam  alone.  Though  burning 
with  steam  alone  produced  the  most  ammonia,  Mr.  Mond  soon  saw 
that  the  process  could  not  be  carried  out  economically  on  the  com- 
mercial scale.  He  therefore  devoted  himself  to  the  study  of  so 
regulating  the  running  of  the  common  gas-producer  with  air  and 
steam  as  to  form  and  recover  the  most  ammonia. 

The  gas-producer  he  uses  is  12  feet  long  and  6  feet  wide;  steam 
and  air  are  forced  in  at  the  bottom ;  the  ashes  drop  from  the  pro- 
ducer inio  a  w'ater-lute  below;  the  gas  passes  off  at  450°  C.  from  the 
center  at  the  top  into  a  rectangular  tank,  partially  filled  with  water, 
which  is  sprayed  up,  and  partially  absorbs  the  ammonia.  From 
here  the  gas,  at  a  temperature  of  100°  C,  goes  to  a  scrubber  tilled 
with  perforated  bricks,  in  which  the  ammonia  in  the  gas  is  absorbed 
by  sulphuric  acid.  The  resulting  sulphate  of  ammonia  liquors  are 
evaporated  and  made  into  crystals  of  sulphate  (NIIJ^SO^.  From 
this  tower  the  gas,  freed  of  ammonia  and  at  a  temperature  of  80° 
C,  passes  to  a  second  tower  filled  with  wooden  blocks,  over  which 
cold  water  flows  and  condenses  the  steam.  This  water,  thus  heated, 
is  pumped  to  the  top  of  tower  number  three,  and  in  turn  gives  up  its 

*  Jour.  Soc.  Chem.  Ind.,  vol.  viii.,  p.  505. 
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heat  to  the  air,  which  must  be  heated  before  it  goes  to  the  producer. 
The  gas  from  the  second  tower  goes  to  the  boilers,  where  the  amount 
of  gas  produced  from  one  ton  of  coal  makes  steam  in  quantity  equal 
to  75  per  cent,  of  that  which  one  ton  of  coal  would  make  by  hand- 
firing.     The  composition  of  the  gas  is : 

Per  cent. 
Carbonic  acid,         ..........     15 

Carbonic  oxide,      ..........     10 

Hydrogen,      ...:.......     23 

Hydrocarbons,        ..........       3 

Nitrogen, 49 

The  coal  Mr.  Mond  uses  is  slack,  containing  1.5  per  cent,  nitrogen 
and  33  per  cent,  volatile  matter. 

The  Yield  of  Ammonia. 

In  November,  1887,  when  I  visited  the  ammonia-soda  works  at 
Northwich,  England,  Mr.  Mond  was  working  an  experimental  pro- 
ducer, and  sixteen  more  were  in  process  of  erection.  These  have 
now  been  working  successfully  for  four  years.  The  actual  working 
result  is  the  production  of  70.6  pounds  of  ammonium  sulphate, 
(NHJjSO^,  from  one  ton  of  coal.  This  is  a  high  yield,  about  three 
times  as  much  as  is  obtained  from  gas-works. 

Three  per  cent,  of  tar  is  produced,  but  is  very  thick  and  is  of 
little  commercial  value. 

The  disadvantageous  feature  of  this  process  of  recovering  by- 
products is  the  enormous  volume  of  gas  from  which  a  small  amount 
of  ammonia  is  to  be  taken.  From  one  ton  of  coal  160,000  cubic 
feet  of  gas  (at  0°  C.  and  atmospheric  pressure)  are  formed,  and  this 
volume  is  increased  by  80,000  cubic  feet  from  the  steam  admitted. 
The  complete  removal  of  the  ammonia  is  only  accomplished  by  the 
use  of  acid.  In  coke-ovens  and  gas-works  the  lowering  of  tem- 
perature and  spraying  with  water  is  sufficient  to  remove  all  the 
ammonia. 

Ammonia  from  Coke- Ovens. 

It  was  early  known  that  in  our  method  of  making  coke  in  the 
bee-hive  oven  there  was  a  waste  of  the  valuable  by-products,  tar  and 
ammonia.  Thus  far,  gas-works  have  been  able  to  supply  the  wants 
of  this  country  as  regards  ammonia ;  but  as  the  works  for  making 
illuminating-gas  adopt  the  water-gas  plan,  and  as  the  agricultural 
demand  for  nitrogen  in  the  form  of  ammonia  increases,  we  shall  be 
forced  to  reconstruct  our  ovens  to  save  the  ammonia.     That  time  is 
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upon  US,  and  it  will  not  be  long  before  the  greater  part  of  our  am- 
monia will  be  a  by-product  of  the  coke-oven  instead  of  the  gas- 
retort. 

England's  gas-works  do  not  begin  to  supply  the  demand  for  ammo- 
nia and  a  soluble  form  of  nitrogen  for  agricultural  purposes.  She 
imports  annually  thousands  of  tons  of  sodium  nitrate  from  Chili  to 
furnish  the  nitrogen  for  her  depleted  soil. 

R.  H.  Thwaite*  says  120,000  tons  of  nitrogen  are  annually  ab- 
sorbed by  the  vegetable  growth  of  England,  wheat  absorbing  37,000, 
barley  27,000,  and  oats  56,000  tons. 

To  compensate  for  this  loss  it  is  necessary  to  employ  573,000  tons 
of  ammonium  sulphate  or  purchase  from  Chili  734,000  tons  of 
sodium  nitrate,  at  a  cost  of  $35,000,000.  One-third  of  the  fuel  con- 
sumed, if  treated  rationally,  would  supply  573,000  tons  of  ammo- 
nium sulphate,  and  England  would  be  independent  of  foreign 
supply. 

During  the  year  1890,  in  the  United  States,  16,100,000  tons  of 
bituminous  coal  were  converted  to  coke.  If  all  this  coal  were  car- 
bonized in  Semet-Solvay  ovens,  the  ammonia  recovered,  at  13 
pounds  ammonium  sulphate  per  ton  of  coal,  would  be  103,150 
tons  of  sulphate,  (XH^)2S04. 

Types  of  Ovens. 
The  different  types  of  open  ovens  and  of  closed  ovens  designed 
for  the  recovery  of  by-products,  are : 


Systems  not  using 
by-products. 

Using  tar-vapors  and 
gases  a.s  fuel  for  heat- 
ing retorts. 

1 

Ovens  adapted  for  recovering  by-products 
and  utilizing  the  gas  as  fuel. 

Meiler. 
Bee-hive  Oven. 

Appolt  Oven. 
Copp^e  Oven. 

A.. 

B. 

Admitting  air  and  par- 
tial combustion 
of  coal. 

Closed  Ovens. 

Knab. 

Pernolet. 

Simon-Carves. 

Otto-Hoffman. 

Semet-Solvay. 

•fameson's  Oven. 

The  Meiler. — The  meiler,  or  mound,  closely  resembles  that  cou- 
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structed  for  producing  charcoal  from  wood.  By  reason  of  the  de- 
sulphurizing action  of  steam  derived  from  tiie  moisture  at  the  base 
of  the  meiler,  the  coke  obtained  from  it  is  quite  free  from  sulphur. 
The  ground  at  the  base  is  often  kept  damp  that  moisture  may  be 
absorbed.  Meiler-coke  is  not  as  hard  as  ov^en-coke.  The  bee-hive 
oven  belongs  to  this  class;  it  wastes  all  the  by-products,  but  pro- 
duces a  coke  that  is  unsurpassed  in  quality. 

Appott  Oven. — The  idea  in  the  construction  of  the  Appolt  and 
Coppee  ovens  was  the  utilizing  of  the  gaseous  products  of  the  pro- 
cess of  coking  for  heating  the  retorts.  The  principal  feature  of  the 
Appolt  oven  is  that  the  flames  and  gases,  instead  of  passing  up  the 
flue  through  the  center  of  the  dome,  as  in  the  bee-hive,  into  a  main 
flue,  and  so  to  the  chimney,  pass  into  flues  surrounding  and  envelop- 
ing the  inner  case  of  the  oven,  where  sufficient  air  is  admitted  to  effect 
perfect  combustion.  The  bottom  of  the  Appolt  oven  is  a  movable 
plate,  secured  by  screw  and  cross-bar,  and  thus  the  coke  is  readily 
removed.     The  quality  of  the  product  is  excellent. 

Coppee  Oven. — The  Coppee  oven  resembles  Appolt's,  but  the 
gases  and  vapors  descend  from  an  aperture  in  the  upper  part  of  the 
oven  (by  vertical  flues  heating  its  sides  and  supplied  with  air  by 
means  of  suitable  apertures  to  insure  complete  combustion)  to  flues 
passing  under  the  bottom,  which  the  flames  strongly  heat.  A  main 
flue  then  carries  the  hot  gases  to  do  further  duty  in  heating  steam- 
boilers  before  they  finally  pass  to  the  chimney. 

Jameson\  Oven. — Particulars  of  the  working  of  this  oven  are 
given  by  the  inventor  himself  in  the  Journal  of  the  Society  of  Chemi- 
cal Industry,  vol.  ii.,  pp.  114,  228,  405,  and  vol.  iv.,  p.  314. 

Jameson  modifies  the  bee-hive  oven  by  substituting  for  the  usual 
floor  of  the  oven  on  which  the  coal  is  carbonized  a  floor  of  perforated 
quarrels,  supported  on  sleeper-walls,  these  perforations  being  con- 
nected with  a  short  vertical  flue  underneath  the  floor,  from  which  a 
pipe  passes  at  right  angles  towards  the  hydraulic  main,  situated  some 
little  distance  from  the  ovens.  A  branch  thus  proceeds  to  this  main 
from  each  oven  in  a  battery  of  ovens,  and,  just  before  reaching  the 
main,  the  down-pipe  from  each  branch  is  furnished  with  a  cock  for 
regulating  or  stopping  the  exhaust  in  the  oven.  After  the  removal 
of  the  ammonia,  the  gas  is  used  for  producing  steam. 

The  ammonia  recovered  in  the  Jameson  oven  is  7  to  9  pounds  of 
sulphate  per  ton  of  coal.  The  Jameson  oven  was  alleged  to  cost 
little  more  than  the  bee-hive,  which  it  was  expected  to  supersede, 
inasmuch  as  by  it  the  by-products  were  obtained.     But  the  tar  ob- 
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tained,  on  account  of  the  low  temperature  of  the  ovens,  is  of  infe- 
rior quah'ty,  and  finds  no  market.  It  is  lighter  than  water  (having 
0.96  specific  gravity);  contains  neither  naphthaline  nor  anthracine; 
its  oils  are  useless  for  lubricating  or  illuminating;  the  phenols  ob- 
tained are  of  little  value,  and  the  paraffine  extracted  is  inferior.  In 
fact,  a  distillation-product  is  obtained  peculiar  to  the  low  tempera- 
ture employed,  and  without  commercial  value. 

Closed  Ovens. — M.  Carves  was  the  first  to  devise  and  construe 
a  closed  oven  designed  for  the  recovery  of  tar  and  ammonia. 

The  Simon-Carv§s,  the  Semet-Solvay  and  the  Otto-HofFman  are 
all  closed  ovens,  in  which  a  purely  destructive  distillation  takes 
place.  These  ovens  are  the  outcome  of  Knab's  oven,  an  early 
attempt  in  this  direction,  which  was  not  successful  because  a  suf- 
ficiently high  temperature  was  not  obtained.  Pernolet  worked  on 
similar  ideas ;  but  his  low  temperatures  produced  an  inferior  tar. 
The  Simon-Carves,  Semet-Solvay,  and  Otto-Hoffman  are  similar  in 
construction,  all  having  regenerators  for  heating  the  air  before  it 
unites  with  the  gas  (from  which  the  ammonia  and  tar  have  been 
recovered)  and  is  returned  to  the  ovens. 

The  Semet-Solvay  oven  is  30  feet  long,  14  inches  wide  on  the  side 
of  the  steam-ram  (used  for  forcing  out  the  coke),  and  15  inches  on 
the  other,  and  5  feet  8  inches  high.  The  advantageous  feature  of 
the  Semet-Solvay  oven  is  that  the  wall  of  the  oven  is  composed 
of  fire-clay  retorts,  three  in  number,  jointed  together  one  above  the 
other  by  groove-and-tongue.  Through  these  retorts  or  flues  passes 
the  burning  gas,  which,  through  the  thin  3-inch  walls  of  the  retort 
produces  intense  heat  in  the  oven.  By  means  of  two  air-tight  doors 
at  each  end  and  these  jointed  walls  the  oven  is  kept  perfectly  air- 
tight; and  hence  a  high  yield  of  good  coke  is  obtained.  This  result 
is  partly  due  to  the  narrowness  of  the  oven,  which  has  10  inches  less 
width  than  the  Otto-HofFman  oven  (30  feet  long,  2  feet  wide  and 
5  feet  3  inches  high). 

Quality  of  the  Coke  from  Closed  Ovens. 

George  Lunge  *  says,  "  The  appearance  of  the  coke  generally  dif- 
fers from  the  bee-hive  coke;  it  usually  lacks  the  brightness  and 
columnar  structure  of  the  latter,  it  is  more  in  the  form  of  large  cir- 
cular blocks,  of  great  strength  and  density  and  less  liable  to  break  in 
filling,  in  transit,  or  in  tapping." 

*  Lunge's  Coal-Tar  and  Ammonia,  p.  66. 
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The  distillation  products,  tar  and  ammonia,  in  the  closed  ovens 
are  similar  to  those  from  gas-retorts  ;  yet  the  coke  from  gas-retorts 
is  of  poor  quality,  whereas  that  from  closed  ovens  is  good.  Watson 
Smith  accounts  for  the  difference  in  this  way :  In  the  closed  oven 
a  larger  charge  of  coal  (4^  tons)  is  used,  and  is  piled  up  to  a  con- 
siderable height  (5  or  6  feet) ;  the  thickness  of  the  mass  is  also  con- 
siderable (about  15  to  20  inches).  As  in  the  retorts  of  the  gas- 
works, the  mass  soon  attains  a  coked  condition,  but  being  thicker, 
and  hence  penetrated  more  slowly,  it  attains  a  more  thoroughly 
coked  or  pasty  stage  than  the  thinner  mass  on  the  gas-retort  bottoms 
can  do,  before  beginning  to  set  again  in  the  incipient  stage  of  the 
process.  But  furthermore,  in  the  closed  ovens  the  superincumbent 
mass  of  some  6  feet  in  height  introduces  a  new  and  important  factor 
in  the  production  ultimately  of  a  more  solid  article.  The  semi-fused 
fuel  is  maintained  in  a  soft  condition  to  a  late  stage  by  the  high 
temperature  of  the  oven,  and  becomes  thus  pressed  by  its  own  weight, 
and  sinking  down  gives  on  cooling  a  hard,  solid  mass.  Finally, 
with  so  large  a  charge  as  4|  tons,  charged  under  a  certain  gaseous 
pressure  and  with  a  thickness  of  material  considerably  larger  in  pro- 
portion than  is  found  in  gas-retorts,  he  believes  that  during  the 
escape  of  the  tar-vapors  from  the  decomposing  mass,  a  portion  of 
these  must  suffer  almost  complete  coking,  the  pores  of  the  mass  be- 
coming thus  filled  up,  whereby  the  yield  of  the  coke  is  increased 
and  greater  solidity  is  obtained. 

That  the  prejudice  against  closed-oven  coke  has  been  overcome  in 
Germany  and  France,  is  shown  by  the  great  increase  in  the  number 
of  ovens  constructed  in  the  past  few  years.  The  records  show  of 
the  Otto-Hoffman  type  of  ovens  the  following  in  Germany  : 

Ovens  at 
Year.  work. 

1884, 40 

1885, 210 

1889, 605 

1892 1205 

There  are  at  present  205  ovens  of  the  Semet-Solvay  type  in  opera- 
tion, and  140  in  process  of  erection. 

Yield  of  CoJce,  Ammonia,  and  Tar  from  Closed  Ovens. 
The  greatest  number  of  ovens  of  the  Semet-Solvay  kind  is  at 
Havre,  Belgium,  where  100  are  running  successfully.    The  charge  of 
coal  is  4  tons  to  an  oven,  which  is  drawn  every  twenty-two  hours 


814  INVESTIGATION   OF    COALS    FOR    MAKING   COKE. 

the  coal  used  contains  only  16  to  17  per  cent,  of  volatile  matter,  and 
the  full  theoretical  yield  of  coke  is  obtained  by  reason  of  the  tightness 
of  the  oven.  In  actual  practice  the  yield  is  81  per  cent,  obtained. 
As  regards  ammonia  and  tar  obtained  at  Havre,  where  poor  coal  is 
used,  14  pounds  of  ammonium  sulphate  and  31  pounds  of  tar  is  the 
product  from  1  ton  of  coal.  At  the  Brunner-Mond  Soda-works  at 
North wich,  England,  where  a  better  coal  is  used,  25  to  27  pounds 
of  ammonium  sulphate  and  about  82  to  84  pounds  of  tar  are  obtained 
from  1  ton  of  coal. 

Benzene  from  Closed  Coke- Ovens. 

According  to  Lunge  *  1  ton  of  good  bituminous  coal  yields  about 
11,000  cubic  feet  of  gas  containing  11.7  kilos  or  25.7  pounds  of 
benzene.  By  reducing  the  temperature  of  this  gas  to  — 70°  C.  this 
benzene  is  precipitated  out  of  the  gas.  Of  course  the  removal  of  the 
benzene  would  injure  the  illuminating  qualities  of  the  gas,  and  it 
would  not  be  advisable  to  remove  the  benzene  from  such  a  gas. 

The  best  result  thus  far  obtained  in  removing  benzene  from  coke- 
oven  gas  is  17  pounds  or  about  69  per  cent,  of  the  theoretical 
amount. 

Ammonia  from  Blast-Furnaces. 

The  least  developed  source  of  ammonia  recovered  from  the  nitro- 
gen of  coal  is  blast-furnace  gases.  Of  course  this  is  only  practicable 
where  raw  coal  is  used  as  fuel,  the  upper  part  of  the  furnace  becom- 
ing a  coking  chamber.  The  difficulty  here  is  tiie  removal  of  a  small 
amount  of  ammonia  from  a  very  large  volume  of  gas. 

Lunge  t  states  that  at  260°  C.  the  gas  containing  this  small 
amount  of  ammonia  occupies  a  volume  of  230,000  cubic  feet  or 
thirteen  times  that  from  a  ton  of  coal  burned  in  a  retort.  There  is 
a  further  objection  to  attempts  at  the  removal  of  ammonia  from  these 
gases,  namely  the  thermal  loss  due  to  condensation  and  cooling, 
which  amounts  to  7.4  per  cent,  of  the  sum  of  the  sensible  heat  of 
the  gases.J 

In  the  analytical  work  of  this  paper,  I  have  been  a.ssisted  by  Mr. 
W.  O.  Wood. 

*  Lunge's  Coal- Tar  and  Ammonia,  p.  31. 
t  Lunge's  Coal-Tar  and  Ammonia,  p.  86. 
X  E.  H.  Tliwaite,  Industries,  September,  1892. 
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THE  IIINEBAL  BESOUBCES  OF  SOUTHEAST  ALASKA. 

BY  G.    W.    GARSIDE,   JUNEAU  CITY,   ALASKA. 

(Montreal  Meeting,  February,  1893.) 

In  order  to  render  ray  descriptions  more  intelligible,  I  have  com- 
piled a  general  map  of  this  section  of  Alaska,  showing  accurately 
the  relative  positions  of  the  most  important  districts  where  valuable 
deposits  of  minerals  have  been  discovered  (page  819). 

Upon  inspection  of  this  map,  it  will  be  observed  that  the  chief 
metalliferous  belt  in  this  mineral  field  is  in  close  proximity  to  the 
mainland  shore,  the  trend  of  Avhich  it  follows  for  more  than  a  hun- 
dred miles  in  a  northwest  and  southeast  course,  while  the  mineral 
croppings  on  the  adjoining  islands  are  much  shorter  in  extent,  and 
more  irregular  with  respect  to  their  strike  and  continuity. 

This  principal  metalliferous  zone,  which  I  will  call  the  main-land 
system  of  lodes,  contains  gold,  silver  and  lead,  besides  traces  of  cop- 
per, zinc  and  iron,  gold  being  found  extensively  in  a  free  state  and 
also  associated  with  sulphur,  and  with  many  of  the  sulphides  of 
iron,  lead  and  other  substances. 

On  the  line  of  this  belt,  as  shown  on  the  map,  there  are  a  number 
of  distinct  mineral  districts.  Beginning  at  the  southerly  extremity, 
they  are  named  as  follows:  Sumdum,  Snettishham,  Grindstone 
Creek,  Sheep  Creek,  Gold  Creek,  Lemon  Creek,  Montana  Creek  and 
Berners  Bay  districts,  each  deriving  its  name  from  the  bay  or  creek 
on  which  it  is  situated.  Harris  mining  district,  as  legally  organ- 
ized under  the  local  customs,  rules  and  regulations  adopted  by 
the  miners  of  Juneau,  embraces,  within  its  exterior  boundaries, 
Grindstone,  Sheep,  Gold  and  Lemon  Creeks,  and  all  of  Douglas 
Island. 

The  limits  of  this  immense  metalliferous  horizon  are  becoming 
definitely  known  through  the  exposures  made  by  prospectors.  The 
belt,  as  now  recognized,  varies  in  width  from  one  to  several  miles, 
the  lateral  measurement  being  greatest  at  Juneau  in  Harris  district, 
where  the  famous  Treadwell  mine,  with  its  slate  foot-wall,  marks 
the  westerly  boundary  of  the  zone,  while  the  eastern  side  of  Silver 
Bow  Basin,  with  a  granite  hanging- wall,  defines  its  easterly  border. 
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Within  these  walls  the  quartz  lodes  are  associated  with  porphyry, 
spar,  calcareous,  micaceous,  siliceous  and  block-slates,  serpentine, 
granite  and  a  green  rock  of  igneous  origin,  the  latter  carrying  a 
trace  of  auriferous  sulphurets. 

SUMDUXI. 

This  district,  about  60  miles  southeast  of  Juneau,  was  the  first 
discovered  on  this  belt.  It  was  found  in  1879  l)y  placer-miners,  and 
hydraulic  mining  was  conducted  there,  in  a  few  localities,  with  varied 
success,  for  several  years.  Not  until  1890  did  quartz-raining  attract 
any  considerable  attention.  This  resulted  in  the  discovery  of  several 
important  deposits,  the  characteristic  ores  of  which  are  entirely  dis- 
similar in  nearly  all  respects.  There  are  several  extensive  lodes  of 
low  grade,  carrying  but  a  small  proportion  of  free  gold,  most  of  the 
value  being  in  the  sulphurets;  other  varieties  of  ore  again  are  of 
much  higher  grade,  and  contain  mostly  free  gold,  assays  (taken  from 
large  samples)  running  as  high  as  §40  per  ton.  There  is  here,  also, 
considerable  value  in  the  sulphurets,  besides  a  strong  trace  of  galena, 
carrying  a  slight  percentage  of  silver.  Again,  there  are  important 
deposits,  the  ore  from  which  contains  no  free  gold,  the  lode-stuff 
being  almost  pure  sulphurets,  and  in  its  natural  state  milling  by 
actual  test  as  high  as  §270  per  ton  (the  result  of  a  10-ton  sample). 
These  lodes  are  generally  found  trending  southeast  and  northwest, 
dipping  towards  northeast  about  80°  below  the  horizon,  and  then 
cutting  the  formation  but  slightly.  They  are  encased  between  smooth 
walls  of  either  black,  calcareous  or  siliceous  slates,  but  in  some  in- 
stances are  found  to  be  associated  with  porphyry  and  serpentine,  one 
vein  discovered  being  entirely  in  the  latter  class  of  rocks.  The  veins 
appear  to  be  very  strong  and  well-defined,  vary  from  2  to  12  feet  in 
thickness,  and  are  readily  traced  on  the  surface  along  their  strike  by 
removing  the  surface  debris,  which  consists  of  underbrush  and  de- 
cayed vegetation,  the  latter  being  several  feet  in  depth  in  many 

places. 

Snettishham. 

This  district,  about  40  miles  southeast  of  Juneau,  adjoins  Sumdum 
on  the  northwest.  Considerable  prospecting  has  been  done  in  the 
neighborhood  of  Snettishham  Inlet,  from  which  water-way  the  dis- 
trict derives  its  name,  but  there  are  very  few  points  where  ore-bodies 
of  any  great  value  or  extent  are  under  development  at  the  present 
time.  This  condition  of  prospecting  in  the  district  is  not  due  to  the 
unfavorable  results  of  work  on  claims  which  have  been  partially  de- 
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veloped,  but  to  the  lack  of  capital  by  the  owners  and  locators.  There 
are  several  well-defined  lodes  exposed  to  view,  and  work  is  being 
pnshed  by  energetic  prospectors  in  a  number  of  places.  The  ore  is 
of  medium  grade,  carrying  free  gold,  together  with  sulphurets.  There 
is  also  generally  found  a  considerable  deposit  of  rich,  decomposed 
auriferous  gangue  on  or  near  the  surface  of  ihe  croppings.  The 
lodes  trend  parallel  with  the  main  belt,  cutting  the  formation  but 
slightly  if  at  all,  and  dip  about  60°  N.E.  The  country-rocks  are 
mica-slate,  gneissoid  rocks,  calcareous  slate  and  porphyry.  About 
15  miles  from  the  coast-line  a  rich  streak  of  argentiferous  ore  has 
been  found,  the  extent  and  character  of  which  T  have  not  yet  had 
an  opportunity  to  investigate.  This  mining  district  and  the 
Sumdum,  taken  together,  extend  from  the  southeast  end  of  the 
Endicott  arm  of  Holkham  bay  to  the  south  shore-line  of  the  Taku 
inlet,  a  distance  of  fully  60  miles. 

Grindstone  and  Sheep  Creeks. 
These  two  districts,  though  separated  by  a  high  ridge,  are  properly 
one  mineral  field,  and  can  be  described  together,  as  the  ores  and  for- 
mations are  similar.  They  derive  their  names  from  two  creeks 
heading  in  the  same  range  of  mountains,  Grindstone  creek  running 
southerly  and  emptying  into  the  Taku  inlet,  and  Sheep  creek  flow- 
ing westward  into  Gastineaux  channel,  at  a  a  point  about  five  miles 
southeast  of  Juneau.  Grindstone  Creek  district  has  not  attracted 
much  attention  at  any  time,  and  but  little  development-work  has 
been  performed,  owing  to  the  fact  that  the  ores  are  considered  to  be 
of  too  low  a  grade  to  be  handled  profitably,  especially  at  the  present 
price  of  silver.  Sheep  Creek  district,  on  the  other  hand,  has  been 
developed  extensively  in  several  places,  and  the  high-grade  ores 
have  been  sorted  and  shipped  at  a  good  profit  to  the  Tacoma  smelter 
on  Puget  sound.  The  veins  are  small,  varying  from  one  to  three 
feet  in  thickness,  carrying  principally  silver  with  a  small  percentage 
of  auriferous  sulphurets,  and  some  galena.  Considerable  money  has 
been  expended  on  one  of  the  best-developed  groups  in  this  locality, 
in  the  erection  of  a  10-stamp  mill,  using  the  Frue  vanners  for  con- 
centration. This  enterprise  proved  a  signal  failure,  for  the  reason 
that  the  ])rojectors  were  unacquainted  with  mining  in  any  of  its 
branches,  and  especially  with  the  practical  and  economical  reduction 
of  their  ores.  Instead  of  placing  an  inexpensive  plant  on  the 
property  to  concentrate  the  ores  for  shipment  at  a  low  rate  of  trans- 
portation, they  constructed  an  expensive  milling-plant,  adapted 
VOL.  XXI. — 52 
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chiefly  for  the  reduction  of  unrebellious  gold  ores,  and  employing 
the  process  of  battery-amalgamation,  plates,  and  ordinary  vanners, 
which  failed  to  operate  on  this  class  of  ores,  owing  to  the  slimy 
nature  of  the  pulp,  as  it  came  from  the  battery.  The  veins  strike 
X.W.  and  S.E.  and  dip  about  80°  N.E.  The  country-rocks  are 
micaceous  and  siliceous  slates,  gneissoid  rocks  and  porphyry,  with  a 
granite  hanging-wall  to  the  east  of  the  lode-series.  These  two  min- 
eral districts  extend  from  the  north  side  of  Taku  inlet  to  the  top  of 
the  high  ridge  dividing  Sheep  and  Gold  creeks,  a  distance  of  about 
10  miles. 

Gold  Creek. 

This  district  is  (as  regards  the  number  of  mining  claims  and  de- 
velopment-works), the  most  important  and  extensive  of  the  subdi- 
visions on  the  main-land  belt.  The  mineralized  formation  at  this 
point  extends  in  width  from  the  east  side  of  Silver  Bow  basin  to  (and 
entirely  including)  the  eastern  slope  of  Douglas  Island,  along  the  shore 
of  which,  and  within  one  mile  of  the  mainland,  across  Gastineaux 
Channel,  is  situated  the  well-known  Treadwell  mine,'now  operated  by 
the  "  Alaska  Treadwell  Gold  Mining  Company."  Silver  Bow  basin 
is  on  Gold  creek,  n^ar  its  head  and  about  three  miles  east  of  Juneau, 
from  which  place  it  is  accessible  by  means  of  a  good  wagon-road 
built  along  the  side  of  the  canyon  forming  the  outlet  for  Gold  creek. 
There  are  two  5-,  two  10-,  and  one  20-stamp  mills.  Three  mills 
are  in  operation  ;  one  is  suspended  temporarily  on  account  of  litiga- 
tion; and  the  fifth,  a  5  stamp  mill,  is  closed  for  want  of  sufficient 
means  to  complete  the  plant,  by  the  construction  of  the  necessary 
tunnels,  tramways,  ore-bins,  etc.  All  these  mills  are  run  by  water- 
power,  taken  at  different  points  from  Gold  creek.  There  is  one 
single-rope  tramway  in  successful  operation ;  and  a  Bleichert  line, 
a  mile  long,  is  under  construction  to  supply  the  20-stamp  mill  with 
ore  from  the  mountain-side  nearly  2000  feet  above  the  mill.  There 
is  a  great  amount  of  very  irregular  quartz  croppings  in  this  particu- 
lar locality,  and  they  all  show  more  or  less  galena,  carrying  mostly 
gold,  with  a  slight  trace  of  silver.  Iron  pyrites  is  quite  common, 
and  a  reddish-brown  quartzite  (carnelian  variety),  containing  free 
gold  and  sulphurets,  is  found  in  large  quantities.  Galena  appears 
to  be  generally  present  in  the  ores  of  the  highest  grade.  Many  hun- 
dreds of  thousands  of  dollars  have  been  taken  from  the  hillsides  and 
basin  at  this  point  by  hydraulic  mining,  which  has  exposed  to  view 
on  the  bed-rock  innumerable  small  seams,  veins  and  irregular  dikes 
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of  auriferous  ores.  True  and  well-defined  walls  have  been  found, 
however,  and  everything  bids  fair  for  the  uncovering  of  large  de- 
posits of  valuable  ore  as  work  progresses  in  the  several  mines  now 
in  active  operation.  A  bed-rock  tunnel,  3000  feet  long,  has  been 
extended  from  a  point  on  Gold  creek  and  has  tapped  the  basin,  which 
contains  an  area  of  about  50  acres.  Additional  placer-deposits  on 
the  hill-sides  will  also  be  carried  through  this  outlet.  The  milling 
operations  here  are  not  entirely  satisfactory,  owing  probably  to  the 
presence  of  galena,  and  a  small  amount  of  zinc,  sliming  the  pulp  as 
it  comes  from  the  battery;  but  improvements  are  being  continu- 
ally made  in  the  several  plants,  and  much  better  results  are  now 
obtained  than  formally.  It  is  expected  that  a  solution  of  the  problem 
of  working  the  various  ores  with  technical  efficiency  and  economy 
will  be  reached  before  long. 

The  great  mineral  deposit,  familiarly  known  as  the  Treadwell 
mine,  on  the  east  margin  of  Douglas  Island,  about  2|  miles  south 
of  Juneau,  is  separated  from  the  main-land  by  a  strip  of  water  less 
than  a  mile  in  width  (called  Gastineaux  Channel  on  the  coast 
charts).  I  consider  this  lode  as  defining  the  foot-wall  of  the  main- 
land belt,  as  shown  on  the  accompanying  map  ;  otherwise  the  con- 
tinuity of  this  mineralized  formation  would  appear  to  be  broken  at 
this  point.  This  mine  is  an  immense  mineralized  deposit  of  low 
grade.  The  original  tunnel,  run  nearly  at  right  angles  with  the 
lode,  extends  421  feet  from  hanging-  to  foot-wall.  A  horse  of  slate, 
47  feet  in  thickness,  encountered  nearly  in  the  middle  of  the  lode, 
has  been  fouivl  to  have  less  than  half  that  thickness  on  the  110-foot- 
level,  now  being  opened  up  by  a  series  of  parallel  drifts,  running 
with  the  lode,  about  60  feet  apart.  The  milling-plant  is  probably 
the  largest  in  the  world.  It  contains  240  stamps,  and  96  concen- 
trators (Frue  vanners)  under  one  roof,  and  crushes  an  average  of 
20,000  tons  of  ore  per  month.  The  chlorination-plant  is  located 
about  one-quarter  of  a  mile  from  the  mill,  with  which  it  is  con- 
nected by"  a  covered  track.  The  reverberatory  furnace,  now  used 
for  roasting  the  concentrates,  gives  by  far  the  best  results  of  the 
three  different  kinds  erected  at  this  plant  since  the  mill  was  put  in 
operation  in  1885.  • 

The  Mc Arthur-Forrest  process  has  been  tested  at  this  mine  by 
the  present  management,  but  proved  unsatisfactory.  Only  6o  per 
cent,  of  the  value  of  the  concentrates  was  realized,  while,  by  the 
chlorination  process  now  in  use,  96  and  97  per  cent,  is  obtained. 
This  entire   plant   has  gone  through   a  system  of  evolution,  as  it 
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were,  until  now  the  operations  of  mining  and  milling,  and  of  re- 
ducing the  concentrates  are  worked  on  a  ph\n  which  attains  the 
highest  perfection  and  reduces  the  cost  of  all  the  departments  to  a 
minimum.  This  great  plant  is  of  direct  benefit  to  all  this  section  of 
Alaska,  as  it  illustrates  the  most  practical  system  of  working  simi- 
lar ores.  The  company  has  developed  at  great  expense  a  system 
capable  of  realizing  a  profit  from  low-grade  ore,  carrying  only  a  very 
small  amount  of  free  gold. 

There  are  a  number  of  other  valuable  mining  claims  on  the  line 
of  the  Treadwell  lode  (which  trends  nearly  parallel  with  the  chan- 
nel), both  N.W.  and  S.E.  of  the  one  just  described.  Early  ne.xt 
spring  a  120-stamp  mill  with  chlorination-works,  etc.,  will  be 
erected  at  the  Mexican  property,  adjoining  the  Treadwell  on  the 
S.E.,  where  fully  $50,000  has  been  spent  in  running  tunnels,  up- 
raises, crosscuts,  etc.  Considerable  development-work  has  been  car- 
ried on  for  years  on  various  locations  for  several  miles  along  the 
lode.  Some  of  these  show  indications,  promising  the  exposure  of 
large  bodies  of  pay-ore;  but  as  the  lode  is  very  extensive,  and  the 
grade  at  first'extremely  low,  the  value  of  these  partially-developed 
mineral  sites  cannot  be  fully  determined  without  the  expenditure  of 
large  amounts  of  money  in  opening  up  underground  drifts,  etc.,  as 
was  done  in  both  the  Treadwell  and  the  Mexican  properties  before 
milling-plants  were  projected.  Much  of  the  ground  in  question  has 
been  officially  surveyed,  and  the  larger  part  patented ;  and  the 
owners  seem  to  have  confidence  in  the  ultimate  result  of  the  pros- 
pecting work  annually  done. 

Green  stone,  porphyry,  black  slate,  block  slate,  siliceous  slate,  and 
talcose  slate  abound,  with  a  hanging-wall  of  granite  on  the  northeast 
side  of  the  mineralized  formation.  The  highest  grade  of  quartz 
follows  the  dark  slate,  as  it  does  along  the  entire  main-land  belt, 
from  Suradum  to  Berner  bay  inclusive. 

Lemon  Creek. 

This  district  is  located  on  the  creek  of  the  same  name,  which  flows 
westerly  into  Gastineaux  Channel,  about  5  miles  N.W.  of  Juneau. 
There  are  no  developed  lodes  in  this  vicinity,  the  only  active  min- 
ing being  confined  to  hydraulic  operations.  The  auriferous  gravel 
gives  fair  results,  and  extends  in  paying  quantities  for  3  miles  along 
the  bed  of  the  creek,  and  for  several  hundred  feet  on  each  side.  The 
ground  is  mostly  patented,  and  plans  for  opening  up  a  bed-rock 
flume  by  means  of  a  short  tunnel  and  an  open  cut  are  being  consid- 
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ered  by  the  owners.  These  placer-deposits  are  on  the  line  of  the 
mineral  formation  ;  and  the  auriferous  gravel  has  been  deposited  in 
the  creek-bed  by  the  small  streams  running  down  the  opposite  sides 
of  the  canyon. 

Montana  Creek. 

Mining  in  this  part  of  the  main-land  belt  has  been  confined  ])rin- 
cipally  to  placer-deposits  from  which  considerable  gold  has  been 
taken,  and  which  are  still  in  operation.  But  very  little  has  been 
done  towards  the  development  of  quartz-mines,  owing  to  the  ex- 
pense of  constructing  a  suitable  road  over  which  to  take  mining 
supplies  from  the  nearest  tide-water,  a  distance  of  about  10  miles. 
Some  efforts  have  been  made,  however,  to  win  the  gold  by  means  of 
the  arrastra,  with  which  crude  machine  a  limited  quantity  of  as- 
sorted rock  has  been  worked,  yielding  satisfactory  results.  It  is 
only  a  matter  of  time  when  this  district  will  be  made  accessible,  and 
lode-mining  on  an  extensive  scale  will  be  conducted  on  a  paying 
basis.  The  natural  facilities  for  economical  mining  of  the  lodes 
now  known  to  crop  out  on  the  mountain-sides  in  rqany  places  are 
very  good.  The  country  rocks  are  principally  slates  and  porphyry, 
with  a  granite  hanging-wall  to  the  northeast. 

Berners  Bay. 

This  very  important  mineral  district  is  on  the  main-land  shore, 
about  40  miles  northwest  of  Juneau.  The  lodes  have  been  attract- 
ing the  attention  of  many  earnest  prospectors,  ever  since  their  dis- 
covery, six  or  seven  years  ago;  and  during  the  past  two  or  three 
years  considerable  capital  has  been  expended  in  their  development. 
Many  shafts  and  tunnels  have  been  run  resulting  in  the  exposure  of 
sufficient  valuable  ore  to  warrant  the  erection  of  a  20-stamp  mill, 
which  will  be  done  during  the  coming  season.  This  district  is 
quite  large,  extending  on  both  sides  of  the  bay,  and  for  a  number  of 
miles  back  from  the  water's  edge  on  the  line  of  the  mineral  horizon. 
Every  variety  of  auriferous  ore  is  found  from  the  low-grade  sul- 
])huret  rock  to  the  highest  grade  of  free-gold  rock  known  in  Alaska. 
The  lodes  are  generally  well-defined  and  can  be  easily  traced  on 
their  strike,  cutting  the  formation  in  some  places  quite  prominently, 
and  showing  regular  and  smooth  walls  where  excavations  have  been 
made  exposing  them  to  view.  Wiiere  tiie  greatest  depth  has  been 
attained,  the  strongest  veins  and  highest  grade  of  ore  have  been 
found,  which  fact  is  giving  great  encouragement  to  enter[)riso.     The 
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regular  and  rounded  appearance  of  tlie  mountains  wliere  the  best 
mineral  deposits  are  found,  the  formation  of  the  country-rocks  and 
their  geological  classification,  consisting  of  many  varieties  of  slate 
(dipping  N.E.),  talc,  porphyry,  and  granite,  are  believed  by  experi- 
enced miners  to  be  highly  favorable  indications. 

FuNTER  Bay. 

This  district  is  near  the  north  end  of  Admiralty  island  as  shown 
on  the  map.  There  are  a  number  of  veins  in  this  neighborhood, 
occurring  in  a  siliceous  mica-schist  belonging  to  the  older  Lau- 
rentian  system,  as  do  all  the  rocks  in  this  section.  North  of  the 
veins,  a  syenitic  granite  cuts  the  formation  and  breaks  it  up  consider- 
ably. There  is  but  little  free  gold  to  be  found  in  the  ore,  but  a 
good  grade  of  sulphuret-rock  has  been  met  with  to  some  extent,  and 
is  being  developed  by  prospectors, 

Sitka. 

This  mining  district  is  probably  the  oldest  of  any  note  in  the 
Territory;  but  owing  to  inexperienced  and  incompetent  manage- 
ment on  several  occasions,  development  has  been  retarded  and  the 
industry  still  remains  unproductive.  There  ai-e  a  great  number  of 
metalliferous  lodes  on  which  more  or  less  prospecting  has  been  done, 
and  some  have  been  developed  extensively.  The  ribbon-variety  of 
quartz  seems  to  carry  the  highest  proportion  of  gold  in  a  free  state, 
while  th€  galena  ore  produces  silver.  The  strike  of  the  mineral  belt 
is  parallel  with  the  main-land  mineral  horizon,  and  extends  along 
the  west  side  of  Baranoff  island  on  which  Sitka,  the  capital  is  situated. 
The  formation  is  regular  and  dips  to  the  northeast.  The  country 
rocks  consist  of  slates,  talc,  greenstone  and  porphyry. 

In  conclusion  I  will  add  that  all  the  above-described  mineral  dis- 
tricts, as  a  general  ru)e,  are  most  advantageously  situated  as  regards 
natural  facilities  for  economical  and  convenient  development.  All 
kinds  of  mining  operations  can  be  carried  on  the  year  round  at  the 
minimum  of  cost,  water-power  and  fuel  being  abundant  everywhere, 
and  freights  being  low  over  the  inland  water-ways  of  Alaska,  which 
are  better  adapted  for  cheap  navigation  than  any  other  in  the  world. 
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NOTE   ON  ANTHRACITE    ''COAL-APPLES''   FROM   PENN- 
SYLVANIA. 

BY  W.    S.    GRESLEY,   F.G.S.,   ERIE,   PA. 
(Montreal  Meeting,  February,  1893.) 

The  object  of  this  communication  is  to  give  a  description  of 
some  remarkable  spheroidal  specimens  of  anthracite  coal  recently 
encountered  in  stripping  the  Mammoth  seam  at  Milnesville,  Lu- 
zerne county,  Pa. 

Somewhat  similar  forms  of  coal,  occurring  in  France  and  in  Aus- 
tralia, have  been  described  already.  In  vol.  xxxvii.  (1888)  of  the 
Transactions  of  the  North  of  England  Institute  of  Mining  and  Me- 
chanical Engineers,  under  the  title  "  Coal  Nodules  from  the  Bore- 
hole Seam  at  Newcastle,  New  South  Wales,"  Mr.  T.  E.  Forster 
describes  and  illustrates,  with  two  plates  of  specimens,  a  series  of 
"  nodular  "  forms  of  anthracite  coal  taken  from  a  depth  of  300  feet 
beneath  the  town  of  Newcastle,  and  possessing  the  following  char- 
acteristics :  The  lines  of  cleavage  of  the  coal-seam  are  more  or  less 
curved,  giving  a  rounded  appearance  to  the  blocks.  Dikes  of  in- 
trusive dolerite  intersect  the  coal,  and  the  coal-nodules  occur  with 
with  greatest  frequency  where  the  seam  is  most  disturbed.  They 
are  easily  separated  from  the  surrounding  coal. 

"The  seam  at  this  point  is  remarkable,  not  only  for  its  splendid  proportions  but 
also  for  its  extremely  bright  and  rich  appearance,  which  gives  the  working-places  a 

strong  resemblance  to  those  in    the  Pennsylvania  anthracite   mines The 

cleavage  of  the  coal  is,  in  some  parts  of  the  pit,  noticeable  for  a  series  of  small  im- 
pressions or  concavities  about  the  size  of,  and  resembling  roughly  in  shape,  a  mus- 
sel-shell raised  vertically  on  its  longest  edge To  some  extent  the   nodules 

appear  to  have  a  more  or  less  concretionary  structure,  and  to  be,  roughly  speak- 
ing, composed  of  several  concentric  layers,  through  which  the  ordinary  cleavage 
of  the  coal  passes,  while  in  otliers  thin  layers  may  be  observed,  resembling  the 
coats  of  an  onion." 

The  chemical  composition  of  one  of  the  nodules,  as  well  as  of 
the  seam  inclosing  them,  is  as  follows  : 
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Sample  of  Seam.    Nodules. 

Carbon, 81.06  83.828 

Hydrogen, 5.81  5.437 

Oxygen, '  6.52  8.236 

Sulpluir, 1.14  .190 

Nitrogen, 1.23  .530 

Ash 4.24  1.779 

Totals, lOO.UO  100  000 

Sp.gr., 1.303  1.294 

The  specimens  illustrated  measure  from  H  inclies  to  4|  inches  in 
diameter. 

The  author  of  this  Australian  paper  makes  no  definite  attempt  to 
explain  how  these  nodules  were  formed. 

As  to  the  French  samples,  the  Geological  Magazine,  of  London, 
vol.  iv.,  p.  240  (1867),  says,  under  the  head  of  "Remarkable  Hard 
Form  of  Anthracite:  " 

"if.  Diima.s   lias  called   attention,  in  the   Compter  i2e«cZMS,  to  certain  nodnles  of 

anthracite  furnished  him  by  Count  Douhet Tiiese  nodules  have  apparently 

a  concretionary  structure,  and  are  hard  enough  to  scratch  glass,  and  even  harder 
bodies,  with  ease.  Leaving  out  (he  ash,  their  composition  is  :  Carbon,  97.6  ;  Hy- 
drogen, 0.7  ;  Oxygen,  1.7  ;  Density,  1.66.  With  the  opacity,  density  and  composi- 
tion of  anthracite,  these  nodules  possess  the  hardness  and  take  the  polish  of  the 
diamond.  i 

"  Several  years  before  this,  M.  Mene  experimented  on  some  anthracite  from 
Creuzot,  Dep't.  Saone-Loire,  France,  which  analyzed  as  follows  :  Carbon,  96.8  ;  vol- 
atile substances,  1.0;  ash,  2.2;  density,  1.637. 

''Subjected  to  intense  heat. in  a  muffle,  this  substance  was  converted  into  a  friable 
steel-gray  mass,  in  appearance  somewliat  metallic,  and  scratched  glass  and  steel 
with  the  sound  of  the  diamond." 

Some  specimens,  marked  "  Coal-Apples,"  from  Hazleton,  Pa., 
can  be  seen  in  the  geological  museum.  School  of  JMines,  Columbia 
College,  New  York  City.  They  are  probably  very  similar  to  those 
now  to  be  described. 

Locality. — This  is  in  the  middle  of  the  "  Hard-Coal  region  "  of 
Pennsylvania,  where  the  Mammoth  seam  crops  out  at  Milnesville, 
with  a  thickness  of  between  60  and  90  feet  over  a  large  area  ;  but 
stated  to  be  102  feet  at  one  place  in  the  same  basin. 

Mode  of  Occurrence. — In  one  or  more  of  the  various  "  benches  " 
or  natural  divisions  composing  the  seam  as  a  whole,  the  "  apples  " 
occur  like  kernels  or  eyes,  apparently  promiscuously,  or  in  rudely 
distributed  groups.  The  coal  (judged  by  the  coloring  of  its  joints) 
is  slightly  weathered.     The  lumps  which  yield  the  "  apples  "  are 
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often  more  or  less  rounded  as  compared  with  the  typical  angular, 
nondescript,  blocky  shape  of  anthracite  as  it  comes  from  the  mine. 
Composite  or  complicated  apples  are  occasionally  seen,  i.e.,  a  small 
apple  is  enclosed  in  a  large  one  (as  in  Fig.  1),  where  a  is  a  small 
apple  formed  within  the  large  one  6. 

Fig.  1. 


Composite  Coal-Apple. 

Shape  and  Size. — The  apples  vary  from  10|  inches  down  to  I 
inch  in  diameter,  the  usual  size  being  about  that  of  a  small  apple, 
hen's  egg,  or  peeled  potato.  The  tru€  sphere  is  rarely  approached  ; 
some  have  about  the  shape  and  size  of  an  ordinary  door-knob, 
others  more  or  less  resemble  a  double  mussel-shell,  a  pear,  an 
almond,  or  a  kidney;  and  a  few  are  lenticular  and  discoidal  in 
shape.  Most  of  these  forms  are  shown  in  Fig.  2,  which  may  be 
taken  as  representing  typical  coal-apples,  so  far  as  the  writer  has 
studied  them.  All  of  the  specimens  were  collected  by  himself  from 
the  "lump/'  "egg,"  and  "stove"  coal,  as  shipped  from  the 
breaker.  The  dimensions  often  depend  uj)on  the  extent  to  which 
the  concentric  shelly  exteriors  have  been  spalled  or  chipi)ed  off  in 
preparing  the  specimens  for  the  cabinet  or  other  purpose.  A  few- 
have  such  a  structure  that  one  can  go  on  reducing  them  with  a 
light  hammer  until  their  peculiar  globular  form  is  lost  in  a  shape- 
less mass.  Fig.  1  shows  how  the  kidney  and  mussel-shell  forms 
occur  as  parts  of  one  of  these  more  apple-shaped  specimens. 

Fracture. — Typical  samples  possess  a  very  peculiar  shelly  or  sub- 
conchoidal  fracture,  tending  to  be  splintery  or  flinty  towartis  the 
center.  Viewed  externally,  their  surfaces  exhibit  a  variety  of  what 
may  be  called  fractures,  viz.,  wavy,  damasked,  concentric,  scalloped, 
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curly,  incipieut  slickensided,"  bird-eye  "  or  "  button-spotted  "  towards 
the  centers  and  in  deepest  concavities,  and  wrinkled.  They  are  very 
smooth  and  slippery,  and  soil  the  fingers  but  little  in  handling. 

Structure. — The  "  grain  "  or  natural  interlarainations  of  the  sub- 
stance of  the  coal  is  usually  quite  distinct  (see  Nos.  3  and  6,  Fig. 
2);  but,  of  course,  the  more  brittle  and  brilliant  the  specimen,  the 
more  indistinct  the  grain. 

Hardness. — About  the  same  as  that  of  the  ordinary  "  hard-coal " 
of  commerce.  The  shapes  and  sizes  do  not  seem  to  be  affected  by 
any  variation  in  the  quality  of  the  coal. 

Toughness. — The  a{)ples  range  from  fairly  tenacious  to  exceedingly 
friable.  A  light  tap  with  a  hammer  will  sometimes  reduce  a  bright 
brittle  specimen  into  a  hundred  fragments.  The  outer  layers  seem 
to  be  in  tension. 

Luster. — Splendent  to  resinous  or  pitchy.  When  coated  with  pea- 
cock-colors they  recall  the  brilliant  metallic  appearance  occasionally 
seen  upon  the  surface  of  mammillary  and  crystallized  hematite, 
goethite,  turgite,  etc. 

Streak. — Quite  black. 

Color. — Gray  metallic  black  to  rather  dull  black.  When  pea- 
cocked, there  are  beautiful  plays  of  greens,  blues,  magenta,  bronze, 
etc.,  the  greens  and  blues  predominating. 

Specifio  Gravity. — Not  different  from  that  of  ordinary  anthracite. 
No  cavities  have  been  noticed  in  the  apples. 

Included  Minerals. — A  little  "mother-coal"  (fossil  charcoal)  and 
a  few  specks  of  pyrite  (or  marcasite),  besides  the  coloring-matter 
(whatever  that  may  be)  of  the  iridescent  hues. 

Chemical  Analysis. — Mr.  Frank  A.  Hill,  Dunbar,  Pa.  (late  of  the 
Pennsylvania  Second  Geol.  Survey),  has  kindly  furnished  the  fol- 
lowing: 

No.  1.  No.  2. 

(Oblong  Specimeu.)  (Round  Specimen.) 

Moisture 6.60  5.30 

Volatile  hydro-carbons,      ....  3.74  3.20 

Carbon, 86.66  85.40 

Ash, 3.80  5.90 

100.00  99.80 

Sulphur, 0.338  0.340 

Phosphorus, 0.013  O.OII 

The  loss  of  0.20  in  No.  2  is  due  to  personal  error  of  the  analyst. 
The  carbons  were  determined,  not  estimated  by  difference. 
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These  figures  may  be  compared  with  the  average  of  two  published 
analyses*  of  the  Mammoth  vein  in  the  region  furnishing  the  "apples," 
as  follows : 

Per  Cent. 

Moisture, 4.00 

Volatile  hydro-carbon, 3.29 

Carbon, 8o.X6 

Ash,       . 682 


99.47 

Sulphur, 0.522 

Phosiihorns, 0.008 

The  difference  will  be  seen  to  be  very  small. 

Characteristics. — One  feature  is  common  to  all  the  specimens  of 
coal-apple  I  have  examined  :  namely,  the  planes  of  deposition,  the 
laminae  or  "grain"  of  the  coal  composing  them,  are  parallel,  or 
nearly  so,  with  their  longest  diameter.  In  other  words,  the  longest 
axis  of  every  one  lies  along  a  bedding-plane,  while  the  shortest  axis 
passes  about  at  right  angles  to  these  planes.  (See  Nos.  3  and  6, 
Fig.  2.)  ■ 

Perhaps  the  most  ])eculiar  character  they  possess  consists  in  what 
seems  to  me  to  be  a  hitherto  undescribed  form  of  fracture,  or  per- 
haps jointing  is  a  better  word  to  use.  Viewed  as  solid  polyhedra 
we  find  that  our  typical  coal-apples  frequently  have  several  of  their 
faces  in  the  form  cf  concavities  or  smooth  dimples.  These  dimples 
vary  in  form,  area  and  dejith  ;  their  rims  or  edges  are  sharply  con- 
vex; and  they  are  bordered  by  more  or  less  sinuous,  shallow  channels 
or  rings.  Portions  of  these  grooved  rings  often  form  part  of  the 
border  of  the  next  or  adjoining  dimj)led  face  or  facet  of  the  speci- 
men. Nos.  4  and  5,  Fig.  2,  show  these  hollow  rings,  No.  4  pre- 
senting the  characteristic  dimple  very  clearly.  Fairly  representative 
dimples  are  also  brought  out  in  Nos.  3,  6,  and  7.  The  latter  is  an 
excellent  representation  of  how  an  a|)i)le  often  first  appears  on  com- 
mencing to  shell  off  the  brittle,  angular,  exterior  coating.  Another 
way  of  describing  the  surface  of  the  most  peculiar  of  these  apples, 
is  to  say  that  they  consist  of  an  indefinite  number  of  irregular-sized, 
angular-grooved  rings,  surrounding  or  enclosing  equally  irregular- 
sized  and  shaped  hollows  or  dimple-like  concavities  ;  the  entire 
make-up  resulting  in  almost  every  variety  or  form  of  sj^here,  ovoid, 
lens,  etc.     In  looking  over  the  specimens  I  am  occasionally  reminded 


*  In  a  pamphlet,  by  Charles  A.  .\shbnrner,  1882. 
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of  the  peculiar  tetrahedral  crystal  of  antimonial  gray  copper-ore 
(tetrahedrite). 

Origin. — A  study  of  embryotic  forms  of  these  apples  suggest  that 
they  are  derived  from  the  more  or  less  cuboidal  lumps  of  the  coal. 
Many  of  the  specimens  possess  one  or  more  faces  that  are  original  ver- 
tical cleavage-planes  or  "  cleat "  joints  (see  Nos.  1,  5  and  7,  Fig.  2), 
and  have  the  spherical  form  (more  or  less  matured),  enclosed  between 
said  joint-planes.  Thus  the  proximity  and  distribution  of  the  joints 
in  the  coal-seam  would  to  some  extent  govern  the  size  and  shape  of 
the  apples. 

"Whether  the  forms  here  illustrated  (as  well  as  the  general  family 
of  them)  are  the  result  of  contraction  of  the  mass  of  the  coal,  in  situ, 
due  to  cooling,  or  to  some  other  obscure  natural  process  or  processes, 
I  do  not  hazard  an  opinion.  I  would,  however,  remark  here,  that 
experiments  by  Mr.  Koch  on  lumps  of  iron-ore  and  of  quartzite  in 
a  furnace  show  that  they  flake  or  chip  ofiF  and  assume  a  spherical 
shape  at  1500  C.  I  am  also  reminded  of  the  cup-and-ball  and  other 
globular  forms  occasionally  seen  in  weathered  basalt  and  in  other  ig- 
neous rocks, — weathered  blast-furnace  slags,  and  in  weathered  are- 
naceous shale  of  the  coal-measures. 

These  particular  coal-apples,  at  any  rate,  are  not  nodules;  they  are 
forms  produced  by  some  system  or  process  o^  jointing,  producing 
curved  overlapping  joints  after  the  coal-seams  had  acquired  their 
ordinary  or  regular  jointing  ;  but  whether  as  the  result  of  heat, 
cold,  expansion,  contraction,  or  some  other  cause,  I  leave  it  for  others 
to  discuss  and  determine. 

Explanation  of  Fig.  2. — The  following  explanation  of  Fig.  2  will 
serve  to  recall  and  sum  up  the  description  given.* 

No.  1. — Fragment  of  anthracite  with  four  joint- planes  or  flat 
faces,  containing  a  small  coal-apple,  partially  revealed,  between  the 
said  faces. 

No.  2. — A  nearly  spherical  specimen,  surface  partly  peacocked. 

No.  3. — Egg-shaped  form,  with  outer  coating  partly  removed  ou 
upper  left-hand  side.  Shows  "  grain  "  or  stratification  of  the  coal 
parallel  with  longer  axis. 

No.  4. — Exhibits  shelly,  spalling-off  character  on  left,  and  the 
peculiar  concave  ring-surrounded  dimpled  surface  on  right. 

No.  5. — Incipient  discoid  apple,  enclosed  within  angular  fragment 


*  The  nails,  the  heads  of  which  appear  in  Fig.  2,  were  u?ed  in  the  absence  of 
better  facilities,  for  holding  the  specimens  in  the  proper  position  to  be  photographed. 
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of  coal ;  the  characteristic  channel  or  ring  appearing  around  bottom 
edge  of*  apple. 

No.  fi. — Oblate-discoidal  apple,  with  pronounced  dimple,  etc.,  in 
center. 

No.  7. —  Illustrates  way  in  which  the  apples  often  appear  on  re- 
moval of  angular  or  shelly  coating. 

No.  8. — A  small  elongated  apple,  assuming  a  mussel-shaped  form  ; 
shows  glittering  sub-conchoidal  fracture. 

Postscript. — Since  the  foregoing  paper  was  written  the  author 
has  been  very  kindly  presented  with  a  collection  of  specimens  from 
the  Laramie  (Cretaceous)  beds  in  Colorado.  In  the  trade  these  are 
known  as  "  kidney-coal."  They  occur  both  as  bituminous  coal  and 
as  anthracite,  and  my  informant,  Mr.  R.  C  Hills,  geologist  to  the 
Colorado  Fuel  and  Iron  Co.,  of  Denver,  says  that  in  some  places 
the  coal-seams  are  made  np  almost  entirely  of  these  peculiar  rounded 
blocks  and  smaller  lumps  of  coal.  Judged  by  the  samples  sent  me, 
they  average  much  larger  than  the  "coal-apples"  of  the  Pennsyl- 
vania hard  coal.  The  largest  is  9  inches  and  the  smallest  2  inches 
in  diameter.  They  also  seem  to  differ  in  two  other  respects  from 
their  eastern  prototypes,  namely,  (1)  in  not  possessing  the  peculiar 
and  characteristic  dimples,  and  (2)  in  not  having  their  longest  axes 
parallel  with  laminse  of  deposition.  Generally  speaking,  they  are 
much  higher  and  less  egg-shaped  than  the  Pennsylvania  sj)ecimens. 
Their  rotundity  is  probably  due  to  the  squeezing  and  distortion  of 
the  coal-beds  containing  them,  produced  by  intrusive  sheets  of  lava 
(called  "sills")  among  the  strata,  several  of  which  exist.  For  fur- 
ther particulars  of  these  very  interesting  western  "  kidney-coals," 
I  would  refer  to  Mr.  Hill's  forthcoming  work  on  the  Coal-Fields  of 
Colorado. 


TITANIFEEOVS  OBES  IN  THE  BLAST-FURNACE. 

BY   AUGUSTE  J.    ROSSI,    NEW   YORK    CITY. 
(Montreal  Meeting,  February,  1893). 

The  use  of  titaniferous  ores  in  the  blast-furnace  has  been  the  sub- 
ject of  much  controversy  for  many  years.  Divers  objections  have 
been  raised  against  them,  and,  for  one  cause  or  another,  the  verdict 
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has  been  so  unfavorable  that  they  have  been  excluded  from  the 
practice  of  iron-masters.  This  vexed  question  is,  however,  well 
worth  a  thorough  and  impartial  investigation,  in  view  of  the  im- 
mense deposits  of  such  ores  found  in  many  parts  of  Europe,  in  New 
Zealand,  in  Canada,  and  especially  (which  interests  us  most)  in 
nearly  all  the  States  of  the  Union.  These  ores  when  decidedly 
titaniferous,  are  generally  free  from  phosphorus  and  frequently  also 
from  sulphur,  and  many  of  them  being  very  rich  in  iron  even  when 
high  in  titanic  acid,  would  constitute  a  valuable  supply  for  the 
manufacture  of  iron,  could  the  objections  to  their  use  be  proved  to 
have  been  exaggerated,  or  be  removed. 


Analyses  of  Titaniferous  Ores. 

The  following  analyses  of  titaniferous  ores   support  the  above 
statement : 


I. 

II. 

III. 

IV. 

V. 

VI. 

TiO^, 

, 

13.71 

8.65 

12.08 

5.33 

5.87 

39.67 

Fe,  . 

, 



60.88 

58.24 

65.44 

67.89 

P,     . 

• 

0.052 

trace. 

VII. 

VIII. 

IX. 

X. 

XI. 

TiO„ 

11.61  to  13.84 

7.70 

7.50 

9.80 

4.20 

Fe,    . 

54.46 
0.04 

64.70          62.23 
0.07-0.16         0.14 

58  55 

P,        . 

0.037  to  0.025 

0.33 

s 

• 

XII. 

0.31 
XIV. 

0.27 
XV. 

none. 
XVI. 

0.05 

KJ, 

XIII. 

XVII. 

TiO,, 

3.60 

5.90 

6.53 

10.13 

14.65 

8-10.00 

Fe, 

67.10 

52.00 

52.20 

60.94 

59.23 

60.00 

P,  . 

, 

trace. 

trace. 

trace. 

0.014 

0.007 

s, . 

0.08 

0.011 

0.08 

XVIII.        XIX. 

XX. 

XXI. 

XXII. 

XXIII. 

TiO^,. 

11.43        4.86 

39.20  to  40  + 

15.10 

10.81 

8.25 

Fe,    . 

61.          63.00 
none 

aces  to  0.02 

63.28 
3      traces. 

62.65 

P,      . 

none 

tr 

I.,  Eockingham  Co.,  N.  C.  {Xth  Census  U.  S.,  vol.  xv.,  p.  311)  ;  II.,  III.,  Center 
Co.  and  Guilford  Co.,  and  IV.,  V..,  Roan  Mi.,  N.  C,  respectively  [Trans.,  xi.,  162) ; 
VI.,  York  Co.,  S.  C.  {Xih  Census  U.  S.) ;  VJI.,  Colorado  {idem.);  VIII.,,  IX.,  X., 
XI ,  XII.,  XIII ,  New  Jersey  {Reports  of  X.  J.  Geol.  Survey;  1876,  pp.  99  and  100; 
1877,p.  49,  and  1881,  p.  38);  XIV.,  W.  Virginia  (X<A  C'ensw.s) ;  XV.,  Conn,  (analysis 
in  my  possession);  XVI.,  Canada,  near  Montreal  (analysis  in  my  possession  by 
Booth,  Garrett  and  Blair) ;  XVII.,  Ontario,  Canada  [Trans.,  x'lx.,  35) ;  XVIII.,  New 
Zealand  [Chemical  Neics);  XIX.,  Ural  district,  Russia  [Revues  de  V Expos.  Univ.  de 
1867,  by  S.  Jordan,  ii.,  155);  XX.,  XXI.,  Norway  (ilmenite)  and  Sweden  respect- 
ively;  XXII.,  XXIII.,  the  Adirondack  region,  N.  Y.  (analyses  by  Mr.  Habershaw 
and  Mr.  Wilbur  respectively). 
VOL.  XXI. — 53 
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Examples  could  be  multiplied  ;  but  the  above  is  enough  to  show 
that,  unless  the  percentage  of  TiOg  be  abnormally  high,  reaching 
such  amounts  as  35  to  40  per  cent.,  as  in  ilraenite,  and  reducing  in 
consequence  the  possible  percentage  of  iron  ;  these  ores,  even  with 
15  per  cent,  of  TiOj,  can  still  be  very  rich.  I  have,  besides  the 
analyses  quoted  above,  those  of  ores  from  the  Adirondack  district, 
which  show  :  54.80  Fe  with  20.49  TiOa ;  54.93  Fe  with  23.55 
TiO^;  55.62  Fe  with  20.24  TiO^;  57.82  Fe  with  20.15  TiO.  and 
even  50.15  Fe  with  25.78  TiOj.  In  such  cases,  the  gangne  is,  in 
fact,  almost  exclusively  TiOj;  there  being  hardly  1  per  cent,  of  silica 
and  1  to  1|  of  lime  and  magnesia ;  the  balance  in  alumina  completing 
the  analysis.  The  continuity  and  the  extent  of  some  of  these  titanif- 
erous  belts  (of  the  Adirondack  deposits,  for  instance),  is  as  Mr.  Bir- 
kinbine  has  said,  truly  marvellous.  One  of  these  beds,  amongst 
others,  containing  55.62  to  63.45  per  cent,  iron,  10.91  to  20.24  per 
cent,  TiOg,  and  traces  of  phosphorus,  forms  a  natural  dyke  or  dam 
acro.ss  the  Adirondack  river,  of  a  width  of  several  hundred  feet,  as 
far  as  observable,  extending  for  thousands  of  feet,  up  and  down  the 
hills.  Specimens  picked  up  by  the  writer,  from  outcrops  every- 
where in  the  range,  showed  a  pretty  constant  composition,  the  iron 
not  being  less  than  55.62  per  cent,  with  some  20  per  cent.  Ti02,  and 
the  specific  gravity  4.81  to  4.82  uniformly.  The  reader  is  referred 
for  further  information  to  the  report  of  Professor  Emmons,  N.  Y. 
State  Geologist,  published  in  1840.  In  a  full  description  of  these 
deposits  as  examined  by  him>^elf,  he  says  substantially  (pp.  245-252) : 

Intelligent  men  were  wholly  unprepared  to  see  iron-ore  in  mountain  masses.  .  .  . 
I  am  fully  satisfied  that  the  mines  in  question  are  a  subject  of  national  interest.  .  .  . 
Tlie  great  veins  of  Adirondack  present  a  high  degree  of  uniformity.  ...  I  am  more 
disposed  to  believe  that  the  whole  valley  of  the  Adirondack  river  is  underlaid  by 
magnetic  oxide.  .  .  .  One  of  the  deposits  examined  was  uncovered  to  a  width  of 
514  feet,  at  right  angles  to  its  direction,  and  the  outcrop  on  the  main  line  of  the  de- 
posit was  traced  for  a  distance  of  1667  feet,  when  the  bed  appeared  to  pass  under 
tabular  masses  of  rocks,  but  the  width  is  far  from  being  actually  that  of  the  vein, 
nor  is  the  distance  explored  its  limit.  This  immense  vein  is  entirely  free  from  py- 
rites and  also  from  any  substance  which  is  known  to  exert  an  injurious  eflect  on 
iron.     We  may  estimate  the  whole  length  of  the  Sanford  vein  as  about  2^  miles. 

We  could  cite  also  the  titaniferous  deposits  of  Split  Rock,  N. Y.  j 
but  the  ores,  that  is,  at  least,  as  far  as  analyses  have  been  published, 
though  containing  13.15  per  cent.,  14.70  per  cent.,  16.37  percent. 
TiO„  contain  only  44.77,  32.59,  40.42  Fe,  which  would  tend  to 
show  that  the  percentage  in  iron  is  not  in  proportion  to  the  amount 
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of  TiOj  found  in  the  ore.  As  is  the  case  with  the  Adirondack  de- 
posits, alumina  figures  largely  in  the  gangue  (11.86  per  cent.  AI2O3 
in  Kingdom  vein,  9.35  per  cent.  AlgOg  in  Moorestown). 

The  general  absence  of  phosphorus  in  really  titaniferous  ores  is 
not  fortuitous.  Professor  Forbes  {Jour.  I.  and  S.  InsL,  1874,  p. 
132),  has  called  attention  to  the  fact  "that  ores  of  this  kind  in 
Norway,  Sweden,  Canada,  New  Zealand,  Eastern  Europe  and  the 
States  are  remarkably  free  from  phosphorus  and  frequently  also 
from  sulphur."  Mr.  Eiley  (ibidem)  fully  confirmed  these  asser- 
tions. The  same  observation  was  made  independently  by  Professor 
Cook,  in  1875,  for  the  titaniferous  ores  of  New  Jersey  {Geol. 
Survey  of  N.  J.,  1875,  p.  35). 

Early  Use  of  Titaniferous  Ores  in  the  United 
States. 

Why,  then,  cannot  ores  so  rich  and  so  abundant  be  used  advan- 
tageously in  blast-furnaces?  The  present  paper  contains  a  general 
discussion  of  the  question,  giving  the  results  of  the  practice  of  some 
metallurgists  who  claim  to  have  made  a  success  of  their  treatment, 
and  completing  the  inquiry  with  some  personal  views,  the  result  of 
numerous  experiments  pursued  in  this  direction  from  February  to 
June,  1892.  In  carrying  these  experiments  to  more  practical  re- 
sults, I  have  had  the  assistance  of  Mr.  James  MacNaughton,  who, 
interested  at  first  in  these  immense  deposits  of  the  Adirondacks 
through  a  legacy  from  his  grandfather,  Mr.  Mclutyre,  has  become 
interested  in  the  technical  part  of  the  problem  involved,  and  has 
furnished  us  a  number  of  old  documents  in  writing,  relating  to  the 
successful  smelting  of  these  very  ores,  in  two  blast-furnaces :  a  small 
one  of  the  capacity  of  about  5  tons  daily,  and  a  larger  one  producing 
12  to  15  tons,  erected  by  this  Mr.  Mclutyre  and  his  associates, 
Messrs.  A.  Robertson  and  David  Henderson,  some  50  years  ago. 
The  plant  included  also  puddling-furnaces  and  the  proper  contriv- 
ances to  make  bar-iron.  Honorable  mention  is  certainly  due  to 
these  hardy  pioneers  in  metallurgy  who,  fifty  years  ago,  had  the 
courage  and  energy  to  establish  such  an  industry  in  the  wilderness. 
I  give  also,  as  an  interesting  page  of  the  history  of  the  manufacture 
of  iron  in  this  country,  the  drawings  of  the  larger  furnace  as  it  still 
stands,  with  its  hot-blast  and  blowing-apparatus,  and  a  section  of  its 
inside  lines  as  well  as  of  those  of  the  smaller  furnace,  as  it  was  first 
put  up,  some  time  in  the  forties,  and  remodelled  in  1848. 
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Fig.  1  is  a  section  of  the  smaller  furnace  as  first  built  in  1840  or 
thereabout. 


Fig.  3. 


ADIRONDACKS 

[From  Xotes.] 


LARGER  FURNACE. 

From  aclual  lueasuri'iucnts  (1*51). 
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Fig.  2  is  the  same  as  remodelled  in  1848,  and  stated  to  produce 
5  tons  daily. 


-^=:»iiife^_ 


Fig.  3. 


Shed  _ 

(Stampers)         K 


Hg.  6. 


Fig.  4. 


ELEVATION 


fY i^ pf JSj 

[  j  CHARGING  HOUSE  ON  TOP  | 

j  lOF  FURNACE,  ON  TRESTLE  WORKS  | 

1 1  :  :  II 

j  jCROSSING  .ROAD  TO  HIGfj  GROUND. 


PLAN 

Larger   Furnace   of  the   Aoirondacks. 

PLANS   &    ELEVATION    DRAWN    FROM    ACTUAL   MEASUREMENTS. 


Fig.  3  is  a  section  of  the  larger  furnace,  of  a^  capacity  of  12  to  15 
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tons  daily,  as  built  in  1852-53  at  a  cost  of  $60,000,  with  blast  and 
hot-air  apparatus,  etc.,  as  it  now  stands. 

Fig.  4  is  an  elevation  of  the  same,  and  Figs.  5  and  6  are  plans  of 
the  whole  plant  in  the  state  in  which  it  is  now.  The  blowing-cylin- 
ders are  still  in  place,  and  in  a  good  state  of  preservation,  as  well  as 
the  hot-blast  ovens.  The  furnace  had  three  tuyeres  of  a  diameter  of  4 
inches  inside  at  the  nozzle,  and  5  inches  at  the  widest  part.  They  pro- 
ject 6  inches  in  the  furnace,  and  have  a  water-circulation.  Two  of 
them  are  still  in  place  in  the  furnace.  Through  the  opening  of  the 
third  we  were  able  to  get  inside.  The  down-comer  had  a  diameter  of 
15  inches  inside,  the  belly-pipe  was  close  to  the  ground  or  just  below, 
passing  around  the  furnace  through  the  arches  to  deliver  the  blast 
to  each  tuyere,  on  three  sides.  The  furnace  had  a  tymp-  and  dam- 
plate  with  water  circulation,  and  consequently  was  an  open  front 
furnace.  We  saw  on  the  ground  a  duplicate  tymp-plate  which  had 
not  been  used.  The  arrangements  of  the  blast-ovens  are  still  in 
order,  the  down-comer,  from  the  ovens  down  to  the  ground,  being 
in  place  and  almost  as  good  as  new.  The  roof  of  the  building  has 
evidently  saved  the  blowing-machinery,  as  it  has  resisted  so  far  the 
influence  of  the  weather,  but  the  roof  and  trestle  works  of  the  stock 
houses*and  cast  house  have  fallen  in. 

The  lining  of  the  hearth  is  18  inches  thick  and  made,  as  well  as 
the  bottom  itself,  of  large  siliceous  stone  slabs.  The  blowing  cylin- 
ders are  double-acting,  with  10  by  20  inch  flap-valves.  Their  in- 
side dimensions  are  3  feet  8  inches  in  diameter,  with  a  6-foot  stroke, 
corresponding  to  a  capacity  of  about  63  cubic  feet  per  stroke,  or  126 
per  revolution.  At  16  revolutions  of  the  water-wheel  which  furnished 
the  motive  power  corresponding,  with  the  gearing,  to  40  revolu- 
tions on  the  crank-shaft  (from  actual  measurements),  this  would  cor- 
respond for  each  cylinder  to  126  X  40  =^  5000  cubic  feet  per  minute, 
as  the  superintendent,  Mr.  Thompson,  stated  it  in  1854.  The  cylin- 
ders are  connected  two  by  two,  with  the  possibilty  of  using  1,  2,  3, 
or  all  four,  according  to  circumstances.  Above  them  and  connect- 
ing with  each  of  them  by  means  of  proper  valves,  is  the  galvanized 
sheet-iron  receiver,  4  feet  8  inches  in  diameter,  and  24  feet  long. 

Objections  to  the  Use  of  Titaniferous  Ores  in  the 
Blast-Furnace. 

It  is  not  claimed  that  the  iron  smelted  from  titaniferous  ores  is  of 
inferior  quality.  Whenever  (as  in  Europe,  Canada,  or  New  York) 
such  ores  have  been, smelted,  the  iron  has  been  found  excellent. 
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Those  who  make  the  most  serious  objections  to  the  use  of  such  ores 
are  willing  to  concede  this  point.* 

*  "Wlien  smelting  titaniferous  ores"  (in  New  Zealand),  "a  gray  titaniferous 
iron  is  produced  which  is  said  to  yield  an  excellent  wrought  iron  and  steel;  but  it 
is  still  doubtful  whether  any  portion  of  the  titanium  is  retained  in  the  wrought  iron 
or  steel  made  from  such  pig  iron,  so  that  the  improvement  attributed  to  the  use  of 
titaniferous  ore  is  probably  due  to  some  indirect  action,  rather  than  to  the  actual 
presence  of  titanium  in  the  finished  product."  (Crooke's  and  Rohrig's  adaptation 
from  the  German  edition  of  Prof.  Kerl's  Metallurgy,  London,  1869,  vol.  ii.,  p.  316). 

"  About  1  per  cent  of  titanium  may  be  present  in  pig-iron  ;  it  increases  the  strength 
of  the  metal"  {Ibidem,  p.  317). 

The  iron  obtained  at  Norton  (England)  in  1873  from  Norwegian  ilmenite  was 
found  to  be  extremely  strong  and  was  used  in  Europe  for  armor  plates  (Osborn's 
Metallurgy,  p.  475). 

"It  went  to  the  armor-plates  of  ShefBeld  on  account  of  the  toughness  which  this 
iron  not  only  possesses  but  imparts  to  other  irons  in  admixture  in  the  puddling- 
furnace.  Titanium  has  been  considered  a  specific  for  cold-shortness  in  Norway  and 
Sweden.  When  rolled  into  plates  and  merchant-bars,  it  possesses  such  a  clean, 
soft,  tough  nature  as  would  render  it  invaluable  for  boiler  plates,  sheets  for  cold- 
stamping  and  kindred  uses  "  (Mr.  Deby,  Secy.  I.  and  S.  Inst.,  1877,  No.  1,  p.  213). 

"Titanium  is  found  in  very  variable  proportions  in  certain  pig-irons  to  which  it 
appears  to  communicate  a  great  tenacity"  (Rivot's  Docimasie,  p.  156). 

"It  increases  the  strength  of  the  metal  "  (Bauermann's  Metallurgy,  p.  53). 

In  Sweden  it  is  a  common  practice  to  add  10  per  cent,  of  titaniferous  ores  to  the 
charge  with  a  view  to  remove  sulphur.  .  .  .  Whatever  may  be  the  reason  of  this 
effect,  what  is  known  with  a  certainty  is,  that  titaniferous  ores  in  the  United  States, 
Canada,  New  Zealand,  Sweden  and  Norway  are  such  that  the  metal  produced  from 
them  is  wonderfully  good  (Dr.  D.  Forbes,  Jour.  I.  and  S.  Inst.,  1874,  No.  1,  pp.  132, 
133). 

Titaniferous  ores  smelted  in  Canada  have  furnished  an  excellent  pig  (Mr.  Riley, 
ibidem,  p.  132). 

In  Prof.  Emmons'  report,  cited  above,  referring  to  the  iron  made  from  the  titani- 
ferous Adirondack  ores  (it  was  not  known  at  that  time  that  these  ores  contained 
TiOg),  he  says  substantially:  The  iron  made  from  this  ore  has  proved  to  be  of  first 
quality.  Probably  no  ore  in  this  country  or  elsewhere  has  produced  better  iron  than 
the  vein  now  under  consideration.  The  iron  then  made  was  remarkable  for  its 
hardness  and  toughness  or  tenacity ;  it  in  fact  produced  steel  of  the  best  quality.  .  .  . 
When  it  is  considered  that  this  iron  was  not  manufactured  by  the  most  approved 
method,  ....  it  seems  to  be  clearly  established  that  there  is  something  very  extra- 
ordinary in  the  ore  to  produce  the  kind  of  iron  which  is  proved,  from  actual  expe- 
rience, to  be  so  well  adapted,  where  there  is  much  wear  and  friction  and  at  the  same 
time  great  tenacity  required. 

In  the  same  volume,  pp.  2o6-258,  is  found  a  report  by  Prof.  W.  R.  Johnson,  then 
in  charge  of  the  government  tests,  "  on  the  iron  manufactured  at  the  village  of 
Mclntyre,  Essex  county,  N.  Y."  (I  have  the  original  report  in  the  handwriting  of 
Prof.  Johnson).  He  says,  after  describing  in  full  the  tests  to  which  it  was  sub- 
mitted :  "This  iron  is  not  under  any  circumstances  cold-short,  nor  is  it  red-short  : 
its  softness  and  malleability  were  remarkable;"  and  concludes  as  follows  :  "The 
experiments  and  tests  confirm  the  evidence  already  adduced  of  the  great  toughness 
and  ductility  of  this  iron."     Then  he  gives  the  tensile  strength  of  some  samples, 
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The  objections  made,  on  general  principles,  to  the  use  of  these 
ores,  as  far  as  we  have  been  able  to  ascertain,  can  be  summed  up  as 
follows : 

1.  The  accretions  of  nitro-cyanide  of  titanium  in  the  furnace- 
hearth  at  the  bottom  or  on  its  sides  (on  this  point  opinions  differ)  or 
on  the  lining  as  hangings. 

2.  The  reputed  refractory  character  of  the  ores,  involving  a  higher 
temperature  in  the  furnace  and  an  increased  consumption  of  fuel. 

3.  The  want  of  fluidity  of  the  slags  containing  titanic  acid,  gener- 
ally reported  as  pasty,  often  to  such  a  degree  as  to  make  tapping 
impossible. 

The  poorer  ores,  such  as  contain  so  little  as  35  per  cent.  Fe,  while 
the  titanic  acid  reaches  38  to  40  per  cent.,  in  fact,  the  ores  which 
were  smelted  successfully  at  Norton,  England  (see  Mr.  Bowron's 
paper,  Trans.,  xi.,  159),  might  fairly  be  rejected  on  account  of  their 
leanness,  as  incapable  of  being  treated  with  commercial  success,  at 
least  in  this  country.  But  this  judgment  might  be  independent  of 
any  question  of  TiOa ;  an  equal  amount  of  silica  taking  its  place 
would  make  the  ores  unacceptable  to  any  ironmaster  here.  The 
"  titanic  scare  "  is  hardly  creditable  to  American  iron- masters.*     It 

as  65,713  pounds  per  square  inch  with  an  elongation  of  20.50  per  cent.,  for  another, 
63,142  pounds  with  24.46  per  cent,  elongation. 

Cast-steel  was  manufactured  iVoiu  this  iron  in  steel  works  erected  at  Jersey  City 
about  1848,  if  not  before,  by  this  Adirondack  Iron  and  Steel  Company,  and  the 
reports  from  the  United  States  Navy  Yard  at  Washington,  the  United  States  .\rraory 
at  Springfield,  and  from  many  other  sources  are  conchisive  as  to  quality.  They 
cover  a  period  of  several  years,  from  1848  to  1852  and  hiter,  and  they  mention  how 
this  steel  was  best  adapted  for  "  cold  chisels,  turning-tools  for  turning  very  hard 
chilled  rolls,  etc." 

Furthermore  the  following  letter  which  has  been  copied  textually  from  the  origi- 
nal speaks  for  itself: 

"  London,  October  16,  1851. 

Dear  Sir  :  I  have  the  pleasure  to  inform  you  that  the  specimens  of  iron  and  steel, 
by  you  intrusted  to  my  care,  have  received  the  reward  of  a  'Prize  Medal '  from  the 
Jury  of  the  great  Exhibition  "  (World's  Fair). 

These  documents  are  now  important,  not  so  much  to  prove  the  qualities  of  this 
particular  iron,  as  to  show  that,  at  that  early  period,  there  was  a  blast-furnace  pro- 
ducing some  three  to  five  tons  of  pig  daily,  and  smelting,  without  admixtures,  titanif- 
erous  ores  containing  from  10  to  20  per  cent,  of  TiO.^,  and  from  55  to  63  per  cent,  of 
iron,  for  at  least  the  five  years  from  1848  to  1852  inclusive.  ■  In  fact,  the  success  of  this 
enterprise  justified  in  1854,  the  erection  of  a  furnace  of  twelve  to  fifteen  tons  capacity. 
As  an  illustration  of  the  American  practice  with  such  ores,  anticipating  what  was 
done  in  England  by  so  eminent  a  metallurgist  as  Dr.  Forbes,  some  twenty  years  later, 
y   the  record  is  a  matter  of  pride  for  America. 

*  Scandinavian  iron-masters  often  expressed  to  Dr.  Forbes  their  surprise  at  the 
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may  be  remarked,  in  passing,  that  in  the  successful  smelting  carried 
on  by  Dr.  Forbes  at  Norton,  he  used  lean  ores  containing  35  to  36 
per  cent,  of  Fe  and,  under  these  conditions,  the  consumption  of  fuel 
per  ton  of  iron  produced  could  not  very  well  be  attributed,  at  least 
not  solely,  to  the  presence  of  Ti02,  but  rather  to  the  absence  of  iron. 

There  are,  however,  some  good  reasons  for  objecting  to  the  use  of 
these  ores.  Ores  high  in  titanic  acid  do  not  mix  kindly  with  other 
ores,  and  are  certainly  inclined  to  form  obstructions  in  the  hearth, 
under  certain  conditions.  But  why  should  it  be  so?  We  know 
that  at  a  high  temperature,  titanium  has  a  great  affinity  for  nitrogen  ; 
in  fact,  its  combination  with  this  gas  is  attended  with  evolution  of 
heat  and  light,  a  nitride  of  titanium  being  the  result.  Moreover,  in 
the  presence  of  carbon  and  nitrogen,  at  high  temperatures,  titanium 
produces  nitro-cyanide  of  titanium,  a  substance  of  bright  copper  color 
and  quite  infusible.  If  the  temperature  is  very  high  in  a  furnace, 
as  is  the  case  when  the  higher  grades  of  pig-iron  are  produced, 
titanium,  like  silicon,  has  a  tendency  to  be  reduced  to  the  metallic 
state;  but,  unlike  silicon,  it  does  not  pass  readily  into  the  iron  (at 
least  not  to  any  great  extent  in  most  cases),  and  carbon,  nitrogen, 
and  a  high  temperature,  all  the  conditions  required  for  the  formation 
of  the  nitro-cyanide  being  present,  the  latter  is  produced.  These 
considerations  may  explain  how  from  ores,  containing  but  a  com- 
paratively small  amount  of  titanic  acid,  or  from  more  highly  tita- 
niferous  ores  smelted  in  admixture  in  small  quantities  and  for  the 
highest  foundry  grades,  titanic  acid  may  be  thus  reduced.  The 
silica  having  saturated  all  the  affinities  of  the  bases,  the  titanic  acid 
becomes  practically  an  inert  element,  washed  out  from  the  furnace, 
so  to  speak,  with  the  slag,  if  its  amount  is  decidedly  very  small  (in 
which  case  no  special  trouble  can  result  from  its  presence),  or  liable, 
if  present  in  more  important  quantities,  to  be  partially  decomposed  at 
such  high  temperatures  before  it  leaves  the  furnace  and  then  to  enter 
as  titanium  into  infusible  combinations  with  nitrogen  and  carbon. 

But  at  lower  furnace-temperature,  as,  for  instance,  w'hen  the  fur- 
want  of  information  displayed  by  English  metallurgists,  in  general,  upon  the  subject 
of  highly  titaniferous  ores.  Their  experience  has  shown  that  the  only  objection  to  the 
use  of  such  ores  is  that  they  are  found  to  be  more  and  more  refractory,  in  proportion 
as  they  contain  a  greater  percentage  of  titanic  acid,  and  if  much  titanium  is  present 
(and  we  should  add,  to  the  extent  of  making  tlie  ores  poor),  ''  they  require  a  quan- 
tity of  charcoal  so  much  larger  to  smelt  them  as  to  render  their  employment  alone 
not  profitable,  whenever  ores  free  from  titanic  acid  can  be  obtained  cheaply  in  the 
district." — {Chemical  News,  vol.  xviii.,  2so.  471,  p.  275,  or  American  Reprint  for 
1869,  p.  69). 
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nace  is  running  for  light-gray,  mottled  or  even  white  iron  (grades 
which  contain  but  small  quantities  of  silicon),  would  not  the  titanic 
acid  be  less  liable  to  reduction  ? 

TiTANATE  Slags. 

If,  on  the  other  hand,  the  furnace-charges  were  so  proportioned 
that  the  titanic  acid  were  made  an  essential  element  of  the  slag,  if 
present  in  large  quantities  ;  if  its  affinity  for  the  bases  (as  we  shall 
see)  were  satisfied;  if  it  were  engaged  in  an  actual  combination  with 
them,  would  not  the  tendency  be  to  prevent  the  reduction  mentioned  ? 
If  this  reasoning  be  well-founded,  it  is  clear  that  there  would  be  an 
advantage  in  treating  alone  in  a  blast-furnace  the  iiigher  titanifer- 
ous  ores,  in  preference  to  those  containing  but  a  small  amount  of 
titanium. 

But,  if  the  temperature  of  the  furnace  is  kept  comparatively  low, 
why  should  an  excess  of  coal  be  required  to  smelt  these  ores?  And 
if  they  are  rich  in  iron  at  the  same  time,  why  should  the  oxide  of 
iron  they  contain  require  more  heat  to  reduce  it  than  that  in  other 
ores?  These  ores,  as  far  as  we  have  been  able  to  ascertain,  at  least 
for  those  of  the  Adirondack  district  and  others,  crack  and  crumble 
readily  at  a  dull-red  heat,  showing  fissures,  which  justify  the  assump- 
tion of  a  rapid  reduction.  In  fact,  this  proved  to  be  the  case  in 
our  limited  experiment  in  a  small  blast-furnace,  as  will  be  shown 
below. 

Heated  hardly  to  dull-red  heat  and  dipped  in  water,  they  crumble 
to  pieces  under  the  smallest  shock.  I  have  repeated  this  es|)eriment 
with  titaniferous  ores  from  Canada,  Connecticut,  New  Jersey,  and 
with  fine-  and  coarse-grained  ores  from  the  Adirondacks,  always 
with  the  same  results;  the  ores  assuming  the  blue  color  of  blue 
schorl  or  anatase  (octahedrite),  a  variety  of  titanic  acid.  This  method 
is,  indeed,  both  rapid  and  easy,  to  determine  at  once  whether  an  ore 
is  highly  titaniferous  (6  to  20  per  cent,  or  more  of  TiOgV  The  ex- 
periment may  have  a  negative  result,  even  if  titanic  acid  be  present; 
but  in  this  case  the  quantity  of  that  substance  is  not  likely  to  be 
important. 

The  above  reasoning  supposes,  of  course,  that  the  slags  obtained 
by  the  combination  of  titanic  acid  with  the  bases  (titanic  acid  being 
depended  upon  as  the  principal  acid  element  for  their  saturation) 
would  be  fusible  and  liquid.  It  has  been  the  purpose  of  my  experi- 
ments on  the  compound  titanates  to  obtain  such  fusibility  and  flu- 
idity.    A  reasoning  somewhat  similar  to  the  above  appears  to  have 
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guided  Dr.  Forbes  in  his  successful  attempt  to  smelt  this  class  of 
ores.  He  aimed  at  a  slag  reproducing  certain  natural  compounds 
of  titanium,  such  as  sphene  (silico-titanate  of  lime),  known  to  be 
readily  fusible  at  the  temperature  obtainable  in  an  ordinary  blast- 
furnace. Sphene  or  titanite,  as  is  well  known,  has  a  fusibility  of  3 
(that  of  almandite  garnet).  As  he  did  obtain  it,  the  slag  was  conse- 
quently sufficiently  fusible ;  the  titanic  acid  was  engaged  simultane- 
ously with  the  silica  in  combination  with  the  bases ;  and,  in  the  ac- 
counts of  the  continuous  running  of  the  furnace  erected  at  Norton 
for  smelting  ores  containing  40  per  cent,  of  titanic  acid,  there  is  no 
mention  of  titanium  deposits. 

I  quote  the  following  passages  from  a  private  letter  in  my  posses- 
sion, written  by  Mr.  Bowron,  the  author  of  the  paper  on  the  metal- 
lurgy of  titaniferous  ores  already  cited.*  Mr.  Bowron  was  the 
chemist  in  charge  of  the  Norton  furnace.  In  this  letter  of  Novem- 
ber 30,  1888,  Mr.  Bowron  says : 

"  In  the  Adirondack  region  and  elsewhere  exist  immense  deposits  of  ore  that  will 
at  some  distant  day  be  brought  into  market,  but  some  one  will  have  to  fight  the 
battle,  ....  and  that  can  only  be  done  by  showing  the  trade  how  to  make  money 
by  using  these  ores.  As  chemist  at  the  Norton  Iron  Works  (England),  where  we 
melted  an  ore  with  40  per  cent,  titanic  acid,  without  mixture,  my  knowledge  of  the 
subject  was  such  as  leads  me  to  regard  as  very  important  the  titaniferous  deposits  of 
this  region." 

Dr.  Forbes  in  discussing  the  smelting  of  titaniferous  ores  says : 

"  Silica  and  titanic  acid  are  reduced  in  the  furnace  at  about  the  same  temperature  ; 
the  secret  of  working  these  ores  successfully  and  continuously  is  to  keep  the  heat  so 
low  as  just  to  reduce  the  iron  and  not  the  titanic  acid.  Titanium-iron  is  essentially 
a  forge-iron.  A  furnace  that  can  make  iron  under  an  acid  cinder  and  a  slack  blast 
and  keep  the  silica  out  will  not  be  troubled  by  titanium  deposits." 

Keeping  the  silica  out  means  obviously  avoiding  the  reduction  of 
silica  in  the  furnace,  and  therefore  a  comparatively  low  temperature, 
a  condition  which  also  keeps  the  titanic  acid  out  and  prevents  it 
being  reduced.  If  so,  why  should  these  ores  be  called  refractory  ?  If 
they  yield  a  forge-iron  and  require  an  acid  cinder  and  a  slack  blast, 
these  conditions  do  not  involve  a  very  high  temperature  in  the  fur- 
nace. The  iron  we  obtained  in  the  small  furnace  which  we  have 
erected  for  the  purpose  of  controlling  the  results  of  the  experiments 
made  in  crucible  (of  which  we  will  speak  further)  was  mottled,  or 

*  Trans.,  xi.,  159. 
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mottled-white,  very  close  grained  and  tough  and  strong.  It  took 
repeated  blows  from  a  sledge-hammer  to  break  it,  mottled  as  it 
was;  it  forged  and  flattened  under  the  blows;  and,  a  piece  having 
been  heated  in  a  forge  to  a  dull  red  heat,  we  were  able  to  flatten  it 
to  the  thinness  of  a  chisel-edge  without  breaking  it.  It  contained 
very  little  graphitic  carbon,  the  analysis  showing  combined  carbon 
2.69,  graphitic  carbon  0.24,  titanium  0.07,  and  traces  only  of  silicon. 
The  problem  seems  to  be  to  produce  with  titanic  acid  a  slag  fully 
as  fusible  as  those  admissible  in  blast-furnace  practice.  That  this 
is  possible  is  sufficiently  proved  by  Dr.  Forbes's  experience.  I  give 
below,  for  reference,  the  analyses  of  ore  and  slag  and  the  different 
proportions  of  materials  charged  at  Norton,  reproduced  from  Mr. 
Bowron's  paper: 


Ore  used  at  Norton 

(llmenite). 

TiOj,        39.20 

SiOj, 

5.70 

Fefi,, 

18.59 

FeO, 

30.00 

MnO, 

0.60 

AIA, 

2.89 

MgO, 

2.80 

Loss, 

0.22 

100.00 

Fe  36.34  per  cent 

Slag 

run. 

SiOj, 

27.83 

TiOij, 

36.18 

CaO, 

24.36 

AIA. 

9.18 

MgO, 

0.60 

FeO, 

1.86 

100.01 

valies  not  estimated 

Charges :  Ore,  2240  pounds  ;  fluxes,  15  to  18  cwt.  (say  12  cwt. 
of  limestone  and  3  to  4  cwt.  of  basalt,  old  red  bricks  or  any  similarly 
fusible  silicate) :  coke,  17  cwt.  to  1  ton. 

Evidently  Dr.  Forbes,  in  aiming  at  a  slag  containing  such  a  per- 
centage of  silica,  considered  it  necessary  to  introduce,  besides  lime- 
stone, extra  fluxes  in  the  shape  of  brick,  quartz-bearing  rocks,  or 
the  like,  in  order  to  funish  the  required  amount  of  silica  to  the  slag, 
thus  taxing  both  the  productive  capacity  of  the  furnace  and  the  con- 
sumption of  fuel  rendered  necessary  to  melt  the  excess  of  slag — a 
factor  contributing,  with  the  poverty  of  the  ore,  to  the  lack  of  com- 
mercial success  of  the  process.  He  did  this,  obviously  with  the  idea 
that  silica  is  an  essential  element  in  the  composition  of  the  slag,  to 
insure  its  fluidity  and  fusibility.  But  if  the  40  per  cent,  of  titanic 
acid  in  these  ores  could  be  treated  as  so  much  silica,  the  introduction 
of  extra  slag-forming  material  in  the  charges  would  be  unnecessary, 
and  the  process  might  have  been  more  economical. 
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The  smaller  furnace  built  in  the  Adirondacks  ran  for  several 
years  ;  the  larger  one  (11  feet  6  inches  boshes,  48  feet  high)  producing 
some  15  tons  daily,  was  put  in  blast  in  1854  and  run  until  some 
time  in  1856.  Many  thousand  tons  of  pig-iron  were  made,  and 
samples  of  it  are  in  my  possession.  The  monthly  statements  of  pig- 
iron  and  bar-iron  shipped  to  sundry  parties,  and  the  letters  referring 
to  steel  made  and  sold,  give  evidence  that  these  works  were  in  full 
operation  at  that  time,  and  that  a  large  quantity  of  iron  was  made 
exclusively  from  ores  containing  from  10.71  to  20  or  an  average  of 
about  18  to  20.02  per  cent,  of  Ti02.  In  order  to  show  the  nature  of 
the  plant  I  quote  the  inventory  of  the  company  as  it  appears  in  the 
report  of  the  Superintendent,  Mr.  Thompson,  for  1854  : 

"  1  cupola-furnace,  1  blast-furnace,  1  forge,  1  pnddling-furnace,  1  staraping-mill, 
1  mill  driving  small  machinery,  2  kilns  for  roasting  ores,  -^  coal  kilns,  6  coal  houses, 
1  store,  1  powder  house,  1  large  boarding  house,  16  dwelling  houses  for  workmen, 
blacksmith  and  carpenter  shops,  1  schoolhouse,  1  building  with  steam  apparatus. 
....  Also  1  blast-furnace  just  completed  and  fired  for  the  first  time  on  the  20th 
day  of  August.  It  is  oS  feet  on  the  ground,  48  feet  high,  11^  feet  boshes.  It  cost 
§43,000.  It  has  four  blowing-cylinders  of  cast-iron  with  quadruple  the  power  re- 
quired at  any  one  time  and  so  constructed  that  one  blower  can  work  while  the 
others  are  not  needed.  They  will  blow  equal  to  5000  feet  of  air  per  minute  each. 
Never  failing  water  power  of  12  feet  head  and  fall.  Its  capacity  is  14  tons  daily.  A 
new  wheel  house,  shops  and  two  large  coal  houses  are  connecteci  with  it.  It  has 
also,  connected  with  it,  an  ample  dock  and  apparatus  for  loading  and  unloading  boats. 
....  The  furnace  is  provided  with  charcoal  carefully  housed  to  the  extent  of  250,- 
000  bushels  and  with  ores  3000  tons,  firebricks,  etc " 

Had  the  working  of  the  small  furnace  first  put  up  been  subject  to 
insurmountable  troubles  from  accretions  of  titanium  deposits,  it 
would  not  have  been  remodelled  ;  and  still  less  would  a  larger  fur- 
nace have  been  erected  at  a  cost  of  $60,000  (blowing-apparatus,  etc., 
included).  Moreover,  the  state  in  which  the  last  furnace  was  left 
can  be  ascertained  by  inspection.  I  visited  it  last  September  with 
other  parties ;  we  were  able  to  get  inside  and  inspect  the  lining  almost 
to  the  very  foundations  of  the  hearth,  which  we  found  clear  of  any 
obstructions  other  than  debris  which  had  fallen  in,  and  such  moderate 
amount  of  salamander-like  material  as  is  left  at  the  bottom  of  the 
hearth  of  any  furnace  blown  out  after  a  campaign.  I  detached 
specimens  from  the  coating  adhering  to  the  bricks  at  different 
heights,  and  can  exhibit  them  to  any  who  are  interested.  The  lin- 
ing appeared  to  be  uniformly  glazed  from  top  to  bottom.  The  nozzles 
of  the  tuyeres  (still  in  place)  were  visible  in  the  furnace.  We 
measured  the  dimensions  of  the  crucible,  depth  and  width,  without 
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any  difficulty  ;  and  on  the  basis  of  actual  measurements,  the  illustra- 
tions, Figs.  3  to  6  have  been  prepared. 

That  these  parties  anticipated  the  Forbes  process  is  evident.  The 
following  analysis  of  slag  picked  up  on  the  spot  appears  to  show 
indeed  that  they  charged,  besides  limestone,  some  of  the  labradorite 
rock  in  which  the  country  abounds.     The  slag  contains : 

Per  cent. 

SiO.^ 26.72 

TiO^ 25.11 

CaO, • 25.81 

AljOa 11.86 

FeO, 3.46 

MgO, 5.99 

CuO, 1.96 

100.91 

These  works  were  stopped  towards  the  end  of  1856.  Lack  of 
railroad-communications,  the  failure  of  negotiations  (at  one  time 
reported  to  be  almost  completed)  for  the  sale  of  the  property  to 
parties  having  adequate  capital,  and  the  embarrassments  accumulat- 
ing by  reason  of  the  financial  crisis  of  1857,  etc.,  caused  the  aban- 
donment of  the  enterprise.  The  fuel  used  in  these  furnaces  was 
charcoal,  abundantly  supplied  by  the  wooded  hills  of  the  property, 
which  covers  about  100,000  acres.  I  have  mentioned  the  attempted 
sale  of  the  works,  because  during  these  transactions,  the  record-books 
of  the  furnaces  were  unfortunately  transferred  to  other  parties,  and 
no  traces  of  them  can  be  found.  Otherwise,  we  should  have  some- 
thing more  than  conjectures  to  offer  as  to  the  process  they  followed. 

Theory  and  Practice  of  Titanate  Slags. 

Can  a  slag  essentially  a  titanate,  and  containing  silica,  if  at  all, 
only  as  an  accessory  constituent,  be  obtained  of  sufficient  fusibility 
and  fluidity  for  the  blast-furnace? 

Mr.  Seger,  in  the  Tlionindustrie  Zeitung,  1884  (reproduced  in  the 
Genie  Civil,  t,  vi.,  p.  147),  published  a  record  of  curious  experi- 
ments on  the  influence  of  silica  and  titanic  acid  on  the  fusibility  of 
fire-clays,  such  as  kaolin.  The  mixtures,  moulded  to  small  cubes 
or  cones,  were  exposed  to  a  temperature  above  that  of  the  fusion  of 
iron.  Under  these  conditions,  kaolin  without  admixture  (but  con- 
taining 1.50  per  cent,  of  foreign  substances)  was  transformed  into  a 
white  mass  of  well-defined  form;  transparent  on  the  edges,  but 
presenting  a  dull  surface. 
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A  mixture  of  100  kaolin  with  5  of  silica  gave  a  mass  preserving 
a  sharp  outline,  of  snowy  whiteness  but  somewhat  porous,  transpa- 
rent on  the  edges  and  resembling  porcelain  in  fracture. 

A  mixture  of  100  kaolin  and  10  silica  showed  the  same  peculiari- 
ties but  the  fracture  was  still  more  porcelain-like. 

A  cone  made  of  100  kaolin  and  6,66  titanic  acid  (the  equivalent, 
in  molecular  weights,  of  5  silica),  leaned  to  one  side  after  heating, 
and  assumed  a  glassy  bluish-gray  surface.  Finally  it  broke,  the 
fracture  showing  a  complete  and  compact  cementation  of  the  whole 
mass. 

A  cone  of  100  kaolin  and  13.33  titanic  acid  (equivalent  to  10 
silica),  melted  completely  to  an  enamel-like  ball  of  a  dark  bluish- 
gray.  The  manipulations  and  the  temperature  having  been  the 
same  in  all  the  experiments,  it  is  thus  shown  that  the  addition  of 
titanic  acid  not  only  did  not  cause  infusibility,  but,  on  the  contrary, 
rendered  the  mass  more  fusible,  than  it  became  when  chemically 
equivalent  quantities  of  silica  were  added.  Mr.  Seger  concludes 
that  the  presence  of  titanic  acid  in  fire-clays  must  be  deemed  inju- 
rious, because  it  renders  them  fusible. 

That  titanic  acid  is  capable  of  forming  well-defined  types  of  tita- 
nates  isomeric  with  the  corresponding  silicates  is  shown  by  the  work 
of  Mr.  Lucien  L6vy  {Comptes  Rendus  de  P Academic  des  Sciences,  note 
presented  by  Mr.  Berthelot,  August  13, 1888),  who  after  having  de- 
scribed a  tri-titanate  of  zinc,  succeeded  in  obtaining  four  other  tita- 
nates  of  zinc  by  melting  titanic  acid  in  a  brasqued  crucible  heated  to 
redness,  with  mixtures  of  zinc  sulphate  and  potassium  sulphate,  or 
by  the  reaction  of  potassium  titanate  on  zinc  sulphate;  he  gives 
their  preparation  and  chemical  and  physical  properties  writing  their 
formulae  as  follows:  •  " 


Titanates  of  Zinc. 

Formula. 

Temperature  of  Formation. 

Bi  basic, 

2ZnO,Ti02 

Bright-red. 

Sesquibasic, 

3ZnO,2TiOj 

Dull-red. 

Neutral, 

ZnO,Ti02 

Bright-red. 

Acid, 

4ZnO,5Ti02 

Bright-red. 

Temperature  has  apparently  a  great  influence  on  the  formation  of 
the  different  compounds.  "  At  a  dull  red  heat,"  says  Mr.  Levy, 
"  it  is  always  the  sesquibasic  titanate  which  is  found  ;  at  a  bright-red 
heat,  one  of  the  others." 

Their  composition  was  determined  as  follows  by  analyses : 


848  TITANIFEROUS    ORES    IN    THE    BLAST-FURNACE. 


Bibasic. 

Sesquibasic. 

Neutral. 

Acid. 

TiOj,     31.52 

TiOs,     39.85 

TiO^,     49.39 

TiO^,     55.28 

ZnO,      67.04 

ZnO,     57.39 

ZnO,      50.00 

ZnO,     44.72 

FeaOa,      0.82 

FeA,     3.26 

FePs,     0.91 

99.38  100.50  100.30  100.00 

The.se  striking  chemical  analogies  between  the  titanates  and  sili- 
cates, and  the  consideration  that  Dr.  Forbes's  successful  treatment  of 
titaniferous  ores  seemed  to  be  based  on  obtaining  a  slag  reproducing 
nearly  the  composition  of  natural  compounds  of  titanium  known 
to  be  fusible,  induced  me  to  examine  more  critically  other  fusible 
minerals  of  this  class.  For  convenience  of  condensed  and  compre- 
hensive exhibition  of  the  chemical  types,  and  for  facility  of  compari- 
son, I  have  employed  a  method  which  presents  some  advantages, 
not  otdy  in  the  particular  case  but  also  in  the  examination  of  slags 
or  silicates  in  general.* 

The  ratio  of  oxygen  of  acid  to  oxygen  of  bases  is  the  most  char- 
acteristic feature  of  a  type  of  silicate  and  one  readily  furnished  by 
the  analysis.  As  the  different  bases  do  not  saturate  the  .same 
amount  of  acid,  two  slags,  alike  in  percentage  of  SiOa  (40  for  in- 
stance) and  of  bases  (60),  may  differ  widely  in  basicity  and  conse- 
quent fusibility,  according  to  the  nature  of  the  bases.  The  calcula- 
tion of  the  oxygen-ratio  can  be  made  in  each  case  by  using  the 
atomic  weight  of  each  constituent,  but  it  is  simpler  and  easier  to  re- 
duce at  once  all  the  basic  elements  of  the  compound  to  their  equiva- 
lent in  lime.  For  instance,  CaO  =  1.63  AI2O3 ;  and  the  correspond- 
ing moduli  for  other  common  elements  are:  MgO,  1.40  ;  FeO,  0.78  ; 
MnO,  0.78 ;  alkalies  (taking  the  average  of  KgO  and  NagO),  0.75  ; 
and  Fe203,l.  All  the. other  possible  ordinary  constituents  (represent- 
ing generally  a  small  percentage  of  the  whole),  may  be  practically 
assumed  to  be  equivalent  to  0.78  CaO.  The  basic  elements,  being 
thus  reduced  to  lime,  are  added  together;  then  ^  of  the  percentage 
of  assumed  lime  and  ^  of  the  percentage  of  SiOj  will  represent 
the  oxvgen-ratio  of  bases  and  acid.  In  the  same  manner,  all  the  acid 
elements,  such  as  TiOg,  can  be  reduced  to  their  equivalent  of  SiO^ 
(SiOj  =  f  TiOj),  and  the  percentage  and  oxygen  ratio  calculated  as 
above. 


*  "Blast-Furnace  Slags  and  Fusibility  of  Silicates,"  by  Augiiste  J.  Rossi  {Journal 
Am.  Chem.  Society,  April,  1890). 
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The  principal  types  of  silicates  encountered  as  slags  can  then  be 
represented  as  follows: 


Biacid. 
Oxygen-ratio  RO,2Si02 
of  acid  to  base,       4  ;  1 


Sesquiacid.  Keutral.  Sesquibasic.  Bibasic.  Tribasic. 
2RO,3Si02  ECSiOj  3RO,2Si02  2RO,Si02  3RO,Si02 
6:2  =  3:1  2:1  4:3       2:2  =  1:1      2:3 


A  formula  like  4RO,5Si02  (ratio,  10  :  4  =  5  :  2),  falls  between 
two  of  the  types. 

The  preceding  types  correspond  to  compositions  as  follows: 


Biacid. 

Sesquiacid. 

Neutral. 

Sesquibasic. 

Bibasic. 

Tribasic 

SiO^, 

68.19 

61.65 

51.72 

41.66 

34.88 

26.30 

CaO, 

31.81 

38.35 

48.28 

58.34 

65.12 

73.70 

For  rapid  and  rough  compari.son,  the  approximation  of  a  slag 
under  examination  to  either  of  the  types  can  be  estimated  (without 
calculating  the  oxygen-ratio)  by  inspection  of  its  percentage-compo- 
sition, reduced  to  equivalents  of  SiOa  and  Cj^O,  as  above  explained. 

The  natural  compounds  of  titanium  having  the  fusibility  of 
almandite  (2RO,Si02),  and  their  average  analyses,  are  as  follows: 


Mineral. 

SiOs. 

TiOa. 

AI2O3. 

FejOs. 

MujOs 

CaO. 

YD. 

Formula. 

Keilhauite... 

29.75 

27.78 

6.34 

6.50 

0.60 

18.92 

9.00 

EO,1.15Si0.2,  or 
2RO,2.30SiO2. 

Sphene < 

32.00 

to 
33.00 

40.00 

to 
33.00 

25.90 

to 

33.00 

1- 

RO,2SiO.,. 

Grothite 

30.50 

31.16 

2.44 

5.83 

1.00 

31.34 

RO,1.20SiO2,  or 
2RO,2.40SiO2. 

Schorlomite . 

27.00 

21.64 

19.80 

27.45 

R0,Si02. 

Ivaarite 

35.30 

17.65 

11.76 

MnO. 

35.30 

RO,1.37Si02,  or 

2RO,2.74SiO.,. 

As  will  be  seen,  their  type  is  either  neutral  or  tending  to  sesqui- 
acid (2RO,3Si02),  and  they  all  contain  SiOa  and  TiO,  in  about  equal 
proportions,  or  less  TiOj  than  SiO,,  excepting  sphene,  which,  even 
in  some  varieties,  follows  the  rule. 

Is  the  presence  of  SiOa  in  these  minerals  in  quantity  equivalent 
to  that  of  TiOj,  or  nearly  so,  indispensable  to  insure  their  fusibility, 
and,  if  not,  to  what  extent  is  it  necessary  ?  Can  such  bases  as  yttria, 
for  instance,  found  in  keilhauite,  or  FeO  and  FcaOg,  found  in  others, 
be  replaced  by  such  other  bases  as  MgO,CaO  or  AlgOj,  in  propor- 
VOL.  XXI. — 54 
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tion  to  their  saturating  capacity  for  acid  elements,  so  as  to  make, 
with  these  cheap  bases,  blast-furnace  slags  of  similar  chemical  type 
to  those  observed  in  the  natural  fusible  compounds  of  titanium,  and 
likely,  therefore,  to  present  similar  characters  of  fusibility  ? 

Multiple  silicates  are  known  to  be  more  fusible  than  single  or 
double  silicates.  May  not  the  same  rule  prevail  for  titanates?  If 
such  fusible  compounds  could  be  obtained,  independently  of  any 
silica,  by  means  of  predominant  multiple  titanates  in  a  slag,  the  ad- 
dition of  an  extra  silica-bearing  element  in  the  blast-furnace  would 
become  unnecessary,  and  the  quantity  of  flux  required  would  be  re- 
duced correspondingly.  The  limestone  of  a  dolomite  would  furnish 
both  MgO  and  CaO  to  the  slag.  Some  silica  would  necessarily  find 
its  way  into  the  slag,  since  the  ore,  stone  and  fuel  would  contribute 
both  silica  and  alumina.  But,  the  amount  of  SiOg  being  too  small  in 
any  case  to  satisfy  the  affinities  of  the  bases,  could  not  titanic  acid 
supply  the  acid  element? 

In  carrying  out  the  following  experiments  in  this  direction,  our 
aim  has  been  to  operate  at  not  too  high  a  temperature,  so  that  if, 
under  the  experimental  conditions,  sufficient  fusible  and  fluid 
compounds  could  be  obtained,  they  could  then  be  reproduced  in  a 
blast-furnace  with  still  greater  ease.  A  slag  of  a  certain  composi- 
tion once  obtained,  and  found  admissible,  could  pig-iron  be  made 
to  separate  from  it?  Our  experiments  in  this  line  were  conducted 
in  the  same  furnace,  with  the  use  of  previously  analyzed  materials, 
so  mixed  as  to  secure  the  slags  already  determined  as  fusible.  On 
this  head,  it  should  be  observed  that,  operating  on  a  relatively  small 
quantity  of  ore  (110  to  350  grammes,  or,  at  most,  1  pound),  as  we 
did,  the  amount  of  slag  could  not  be  very  bulky.  The  specific 
gravity  of  titanic  acid  being,  say,  4.10  to  4.25,  its  presence  in  a  slag 
to  the  amount  of  35  to  40  per  cent,  necessarily  renders  the  compound 
heavy.  By  direct  determination,  we  have  found  the  specific  gravity 
of  slag  containing  40  per  cent.  TiOa,  and  3.42  per  cent.  FeO,  or  less, 
to  be  3.42,  and  that  of  another  containing  25  to  27  per  cent.  TiOj, 
and  6.30  iron  protoxide,  to  be  2.88 — figures  considerably  in  excess 
of  those  of  ordinary  slags. 

The  experiments  were  conducted  in  a  small  brick  furnace,  about 
2  feet  by  2  feet  6  inches,  and  20  inches  deep,  with  no  grate,  merely 
open  in  front  at  the  bottom  to  admit  the  air  necessary  for  combustion, 
and  connected  with  a  brick  stack  about  25  feet  high.  Noforccd  draft 
was  used.  The  furnace  having  been  half-charged  with  coke,  and  the 
latter  ignited,  the  graphite  crucible  containing  the  mixture  to  be  ex- 
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periraented  upon  was  placed  on  this  bed  of  glowing  coke,  covered, 
and  then  surrounded  with  fresh  coke  up  to  and  above  the  cover ;  the 
furnace  was  filled  to  the  top,  and  closed  by  means  of  a  large  flat  slab 
of  fire-proof  materials.  A  proper  time  having  been  allowed  for  the 
coke  to  become  thoroughly  ignited,  a  temperature  just  below  wdiite- 
heat  could  be  obtained  and  maintained  in  the  furnace,  in  most  cases, 
for  a  limited  time.  The  slab  having  been  removed,  the  coke  was 
cleared  from  around  the  crucible,  and  the  latter  was  uncovered  and 
held  with  tongs — operations  necessarily  requiring  a  certain  time, 
during  which  the  crucible  and  its  contents  must  cool  somewhat — 
after  which  the  crucible  was  taken  out  of  the  furnace  and  its  contents 
were  poured  into  an  iron  trough.  When  experiments  were  made 
with  ores,  the  crucible  had  to  be  cooled  and  then  broken.  Whenever 
it  was  intended  to  work  for  a  certain  type  of  titanate  no  ore  was  used  ; 
titanic  acid  was  furnished  by  rutile  completely  analyzed  beforehand, 
and  the  bases  were  supplied  by  adding  caustic  lime,  magnesia,  alu- 
mina, and  silica,  chemically  pure,  tested  each  time  before  weighing 
them  for  such  water  or  carbonic  acid  as  might  have  been  absorbed  in 
the  intervals  of  two  experiments  by  some  of  the  chemicals — such  as 
caustic  lime  and  silica.  Complete  analyses  of  the  principal  typical 
compounds  experimented  upon  having  shown  the  close  analogy  be- 
tween their  actual  and  calculated  composition,  by  operating  in  this 
manner  analyses  could  be  dispensed  with  in  certain  cases,  if  found 
advisable.  Whenever  titaniferous  ores  had  to  be  reduced,  anthracite 
coal  of  a  known  composition  was  added  as  fuel  in  the  crucible,  with 
pure  chemicals  as  fluxes,  in  such  proportions  as  to  reproduce  the  slag 
of  a  character  expected  beforehand,  and  previously  experimented 
upon.  The  composition  of  the  ore  being  known  (it  contained  20 
per  cent.  TiOj),  the  calculations  were  easy;  but,  in  such  cases,  anal- 
yses of  the  products  were  always  made. 

Statement  of  the  Principal  Experiments, 

(The  number  of  each  experiment  refers  to  the  Table  on  page  856. 
given  in  grammes 

No.  2. 

Mixture. 
Ore,  340 

Anthracite,  102 
CaO,  44 

SiOj,  42 

Slag — black,  bulbous,  resembling  pumice-stone.    Iron — gray,  very 
close  in  grain,  and  strong. 


Repeated  with 

Ore, 

113 

Coal, 

25 

CaO, 

15 

Si02, 

14 

856. 

"Weights  are 

Slag  analysis. 

SiOj, 

26.48 

TiO,, 

38.49 

CaO, 

17.45 

AlA 

,     8.79 

FeO, 

8.07 

852 
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Temperat 

lire— 

sl 

ag. 
No.  1. 

Mixture. 

Ore, 

225 

Coal, 

67 

CaO, 

27 

SiO,,, 

35 

MgO, 

11.50 

ALO3, 

5.00 

-incipient  white  heat.    Button — well  separated  from 


Repeated  with. 

Ore, 

112 

Coal, 

25 

CaO, 

14 

Si02, 

18 

MgO, 

6 

Al.,03. 

2.50 

Slag  An 
SiOa, 

alysis. 
24.73 

TiOj, 

33.69 

CaO, 

16.28 

AI2O3, 

12.20 

MgO, 

9.01 

FeO, 

5.49 

Black,  compact  slag.     Iron — gray,  close-grained. 
Button  well  separated  from  slag.     Temperature — incipient  white- 
heat. 


No.  5. 


Mixture. 
SiO,, 
Eutile, 
CaO, 
MgO, 
ALO„ 


32 
80 
60 
16 
20 


Slag  Analysis. 

SiOj, 

15.84 

TiO„ 

38.58 

CaO, 

25.41 

MgO, 

7.15 

AlA. 

9.58 

FeO, 

4.50 

Poured  out  from  crucible  very  liquid,  spreading  well  in  the  trough. 
A  good  liquid  slag.  Crucible  completely  emptied,  and  used  for  an- 
other operation.     Temperature — incipient  white-heat. 


No.  4. 


Mixture. 


SiO„ 

30 

Riitile, 

80 

CaO, 

66 

MgO, 

20 

AlA, 

15 

Slag  Analj'sis. 

SiOo, 

14.62 

TiO„ 

34.66 

CaO, 

26.03 

MgO. 

10.27 

Al,03, 

7.36 

FeO, 

8.12 

Poured   out  from   crucible   readily.     Ran  out  liquid,  spreading 
well.    Crucible  completely  emptied  ;  was  ii.sed  for  another  operation 
Crystalline.     Temperature — incipient  white-heat. 

No.  9. 


Mixture. 

SiO^, 

25 

Rutile, 

85 

CaO, 

50 

AlA. 

30 

MgO, 

20 

Slag-Analysis. 

SiOj, 

11.66 

TiO,, 

37.96 

C\iO, 

20.56 

Al,03, 

14.20 

MgO, 

8.52 

FeO, 

8.40 
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Crystalline  slag ;  melted  perfectly ;  ran  on  the  trough  very  liquid, 
spreading  fully  10  inches.  Crucible  completely  emptied,  and  could 
be  used  again  ;  one  of  our  best  slags.  Temperature — incipient  white- 
heat. 

No.  10. — The  above  slag  was  repeated  with  slight  changes  in  the 
proportions,  and  practically  the  same  results  were  obtained. 

No.  11. — This  experiment  was  made  in  view  of  ascertaining  if, 
without  magnesia  and  an  increase  in  lime,  a  good  liquid  slag  could 
be  obtained : 

Mixture. 
SiO^,         20 
Kutile,     80 
CaO,        70 
AlA)     301 

Melted  well,  bubbling  in  crucible,  of  a  good  fluidity,  and  spread- 
ing well  in  pouring  oflF,  perhaps  not  as  much  as  other  slags.  Tem- 
perature incipient  white-heat,  not  as  high  as  in  preceding  experiments, 

No.  12, — The  above  experiment  was  repeated  with  new  rutile, 
and  practically  the  same  results  were  obtained.  Temperature  below 
white-heat. 

No.  6. 


Slag-Analysis. 

SiO;,, 

10.45 

TiOj 

37.72 

CaO, 

31.69 

A]  A, 

15.84 

FeO, 

4.40 

Mixture. 

SiOj, 

30 

TiO^, 

90 

CaO, 

48 

MgO. 

16 

ALO3, 

20 

Slag-Analysis. 

SiOj, 

15.00 

TiOj, 

40.52 

CaO, 

20.80 

MgO, 

8.40 

AIA. 

10.40 

FeO, 

4.60 

Melted  well  and  poured  liquid  from  crucible,  spreading  well  on 
trough.     Temperature — incipient  white-heat. 

In  all  the  above  experiments,  and  in  those  which  follow,  the 
lime  was  found  to  contain  an  average  of  about  15  per  cent.,  the  silica 
5  to  6  per  cent,  of  water. 

The  rutile  contained  some  iron,  hence  its  presence  in  the  slag ;  a 
part  separated  as  metallic  iron  almost  invariably. 

No.  14. 

Mixture.  Slag-Analysis. 

SA.  10 

Kutile,  80 
CaO,  66 
MgO,  20 
AIA,       24 


SiO^, 

5.48 

TiO^ 

37.49 

CaO, 

29.50 

MgO, 

10.50 

AIA 

12.63 

FeO, 

4.30 
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Melted,  but  less  fluid.  Could  be  poured  out  from  crucible,  but 
dropped  a  little  lumpy  like,  chilling  quicker.  Heat  not  as  high  as 
in  other  experiments,  but  slag  evidently  tending  towards  a  limit. 
(See  table). 


No.  16. 


Slag-Analysis. 

SiO„ 

0.61 

TiO,, 

44.05 

CaO, 

25.24 

MgO, 

10.00 

AlA, 

14.85 

FeO, 

5.30 

Mixture. 
SiO.„  0 

Eutile,  100 
CaO,  60 
MgO,  20 
A1,0,,      30 


Melted  imperfectly  and  remained  pasty  in  crucible.  The  addi- 
tion of  3  per  cent,  of  potash  to  the  slag,  in  crucible,  caused  it  to 
melt  completely,  but  it  was  still  lumpy  and  sluggish  when  poured 
out.     Temperature  incipient  white  heat. 

No.  13. — This  experiment  was  made  in  view  of  ascertaining  the 
influence  of  alumina  on  the  fusibility.  The  first  mixture  was  made 
of: 

Mixture.  Slag-Analysis.    , 

SiO,,        20  SiOj,      10.00 

Eutile,     90  TiO.„      38.00 

CaO,         82  CaO,       33.25 

MgO,        30  MgO,     14.25 

FeO,        4.10 

The  mass  melted  to  a  pasty  thick  slag ;  temperature  below  white 
heat,  the  chemical  character  of  the  slag,  however  (see  table),  might 
explain  its  comparative  infusibility. 

When  24  AI2O3  were  added  in  the  crucible,  it  melted  well ;  the 
slag  was  fairly  liquid  ;  could  be  poured  from  crucible,  but  was  less 
fluid  and  chilled  quicker  than  slags  obtained  previously,  having  the 
same  ratio  of  SiOa  to  titanic  acid,  but  less  lime.  The  analysis  re- 
corded in  the  table  corresponds  to  the  slag,  after  the  addition  of 
alumina,  as  follows : 

SiO„  9.03;  TiO^,  34.15;  CaO,  30.00;  MgO,  12.80;  A],0„  10.- 
20;  FeO,  4.10. 

Temperature  not  as  high  as  in  other  experiments,  the  draught  of 
the  furnace  being  poor  at  that  time. 

In  the  first  stage  of  the  next  experiment  no  magnesia  was  added, 
and  the  silica  was  diminished  to  5  per  cent.,  alumina  being  increased 
to  test  the  action  of  an  excess  of  alumina  in  presence  of  such  a  small 
amount  of  silica. 


SiO,, 

5.24 

TiO„ 

38.24 

AlA, 

18.90 

CaO, 

33.00 

FeO, 

4.50 
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No.  15. 

Mixture.  Slag-Analysis. 

SiOj,  10 
TiO^,  91 
AlA,  40 
CaO,      70 

Melted,  but  dropped  from  the  crucible  in  a  lumpy,  quickly-chill- 
ino;  mass.  Heat  not  reaching:  incipient  white-heat.  The  same  ex- 
periment was  repeated  by  adding  22  MgO,  with  the  followino;  re- 
sults: Si02,  4.74;  TiO.,"^ 34.66;^ CaO,  30.00;  AlA,  17.00;  MgO, 
9.40;  FeO,  4.10. 

Melted  fairly  liquid  ;  could  be  poured  out  liquid  from  crucible, 
but  still  rather  sluggish  and  lumpy.  Heat  certainly  below  white- 
heat. 

It  is  this  last  analysis  which  we  have  tabulated  as  No.  15. 

No.  3. — In  this  experiment  we  reproduced  in  the  crucible  No.  4 
slag  with  ore  containing  20  to  21  per  cent.  TiOj,  instead  of  rutile, 
adding  the  proper  fluxes  in  proportions  to  obtain  said  slag.  Button, 
white;  separated  well  from  slag;  it  weighed  75  grammes. 

No.  8. — Reproduced  in  crucible  slag  of  composition  No.  9  with 
the  same  ore  ;  button,  white,  weighing  105  grammes. 

We  give  below  a  resume  of  the  preceding  experiments  in  the 
shape  of  a  table  which  includes  the  principal  typical  slags  we  have 
obtained.  Many  other  experiments  were  made  to  ascertain  if  pecu- 
liarities observed  in  certain  cases  were  not  accidental,  and  to  investi- 
gate the  influence  of  certain  proportions  of  the  different  bases  on  the 
fusibility  for  the  same  type.  Crucible  tests  were  also  made  with 
different  ores,  but  we  will  confine  ourselves  to  the  above,  as  it  in- 
cludes all  that  it  may  be  important  to  state  for  our  present  purpose. 

This  table  suggests  the  following  deductions  : 

1.  Certain  slags  are  shown  to  be  fusible  and  fluid  at  temperatures 
above,  and  in  some  instances  decidedly  below,  incipient  white-heat. 
They  are  nearly  neutral  or  slightly  acid  (Nos.  1  and  2)  and  tending 
to  sesquibasic  (3  RO,  2  Si02),  or  slightly  more  basic,  such  as  Nos.  3 
to  12,  in  which  the  proportion  of  SiOj  to  TiOa  decreases  from  1:1.36 
to  1:3.84.  The  latter  ratio  corresponds  in  the-  slag  to  10  SiOj, 
38.44  TiOa;  and  the  other  ratios  (except  for  No.  1  and  No.  2  which 
are  attenuated  and  modified  reproductions  of  sphene),  to  about  15 
SiOg  at  most,  and  34  to  35  TiOj.  Such  amounts  of  SiOj  are  in  all 
cases  absolutely  inadequate  to  saturate  the  bases  to  the  degree  re- 
quired  even  for    the    most    basic    practicable    blast-furnace  slags. 
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They  correspond  nearly  to  a  tribasic  silicate.  Furthermore,  the  fusi- 
bility did  not  seem  to  follow  the  ratio  of  SiO^  to  TiOa,  but  rather 
certain  proportions  of  the  different  bases,  even  for  a  given  type,  e.g., 
slags  Nos.  4,  5,  8,  9,  10.  No.  9  especially  proved  in  every  respect 
to  be  one  of  the  best  slags  we  obtained,  and  yet  the  ratio  of  SiOg 
to  TiOg  was  1:3.25  for  the  slag,  corresponding  to  11.66  Si02  for 
37.96  TiOa. 

All  the  above  slags,  it  will  be  seen,  are  triple  titanates  of  alumina, 
lime  and  magnesia  except  Nos.  7,  11  and  12,  which  contain  only 
alumina  and  lime.  These  three  slags,  practically  of  the  same  types 
as  Nos.  3,  4,  8,  9  and  10,  though  all  perfectly  fusible  and  fluid,  were 
perceptibly  somewhat  less  fusible  than  the  preceding. 

2.  As  soon  as  the  slag  assumes  decided  basicity  (2  KO,  SiOg), 
though  it  remains  yet  fusible  (NoS.  13  and  14)  at  a  temperature  just 
below  white-heat,  the  fusibility  begins  to  be  affected  to  a  notable 
extent,  and  independently  of  the  ratio  of  SiOg  to  TiOa,  since  such 
different  ratios,  as  1  : 3.80  (No.  13)  and  1  :  6.84  (No.  14),  do  not  ap- 
pear to  have  had  a  sensible  effect  in  this  respect. 

3.  When  the  slag  reaches  a  character  between  bibasic  and  tribasic 
(No.  15)  both  the  fluidity  and  fusibility  become  very  materially 
affected.  The  slag  (No.  16)  in  which  Si02  has  practically  dis- 
appeared (SiOj,  0.61),  presents  also  this  character  of  bibasicity.  It 
might  have  been  interesting  to  test  its  fusibility  by  forcing  the  amount 
of  titanic  acid,  with  the  view  of  rendering  it  less  basic.  But  for 
any  possible  application  to  blast-furnaces  that  would  have  been  use- 
less, since  at  least  10  to  12  per  cent,  of  silica  must  be  expected  in  a 
blast-furnace  slag  from  the  ore,  stone  and  ash  of  fuel.  However,  it 
is  a  subject  of  sufficient  interest  to  justify  the  experiments  we  intend 
to  continue  in  this  line. 

4.  The  presence  of  a  large  quantity  of  magnesia  and  lime,  without 
alumina,  tends  to  diminish  the  fusibility  (see  statement  of  experi- 
ment No.  13),  and  the  addition  of  alumina  renders  the  slag  more 
fusible  and  fluid  (No.  13). 

5.  The  absence  of  magnesia,  if  the  percentage  of  alumina  and  lime 
be  high,  with  only  5  per  cent,  silica,  has  a  similar  effect  on  the  fusi- 
bility, the  addition  of  magnesia  increasing  the  fusibility  and  fluidity 
(No.  15).  In  short,  triple  titanates,  in  a  general  way,  are  more 
fusible  than  double  titanates,  unless  certain  specific  proportions  of 
bases  be  adhered  to  in  the  double  titanate.  They  share  this  prop- 
erty with  the  silicates.  Beyond  a  proportion  of  oxygen  of  acid  to 
oxygen  of  bases  of  2 :  1.69  or  4 : 3.40  (the  sesquibasic  type  corres- 
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ponding  to  4  :  3),  the  titanates  appear  to  be  less  fusible  than  the  cor- 
responding silicates,  and  the  same  appears  to  apply  to  neutral  or 
slightly  acid  titanates.  That  is  to  say,  as  involved  in  blast-furnace 
practice,  the  margin  of  fusibility  of  the  silicates  is  more  extended 
than  it  would  prove  to  be  for  the  titanates.  Fully  sesquibasic  titan- 
ates, within  the  limits  quoted  above,  appear  to  correspond,  as  to 
fusibility,  to  silicates  nearing  more  closely  the  bibasic  types,  though 
certain  sesquibasic  titanates  appear  to  have  nearly  the  same  fusi- 
bility as  the  corresponding  silicates.  We  should  add  that  all  the 
above  remarks  apply  to  temperatures  not  exceeding  incipient  white- 
heat  or  slightly  below  it. 

Blast-Furxace  Experiments. 

The  question  arises,  Could  such  slags  be  reproduced  in  the  con-  ^ 
ditions  of  working  of  a  blast-furnace?  In  our  experiments  in 
crucibles,  the  ores,  fluxes  and  fuel  had  been  intimately  mixed,  hav- 
ing been  previously  reduced  to  powder  and,  though  the  heat  to  ivhicli 
the  mixtures  were  submitted  was  certainly  lower,  at  any  rate  not 
higher,  than  that  which  could  be  legitimately  expected  in  a  blast- 
furnace, still,  the  question  may  be  raised :  In  the  conditions  of  charg- 
ing of  the  materials  in  a  furnace,  by  distinct  layers  and  in  lumps, 
could  the  same  or  similar  compounds  be  obtained  and  the  iron  of  the 
ore  be  separated  from  its  gangue?  Nothing  but  a  direct  experi- 
ment being  capable  of  deciding  this  question,  we  built  a  small  fur- 
nace for  the  purpose,  assuming  that  if,  even  on  such  limited  scale, 
with  a  blast  hardly  at  300°  or  400°  F.,  and  a  pressure  of  not  over 
2  pounds,  we  could  obtain  the  calculated  slags  from  highly  titani- 
ferous  ores,  with  no  other  flux  than  limestone  (dolomitic),  the  ma- 
terials being  charged  in  lumps,  in  proper  relative  proportions  and  in 
layers  at  regular  intervals,  and  at  the  same  time  obtain  pig-iron,  it 
would  be  possible  in  industrial  practice,  with  a  better  distribution  of 
heat,  a  greater  height  of  furnace  insuring  a  complete  and  thorough 
reduction  of  ores,  to  obtain  results  of  the  same  kind  and  even  much 
more  favorable.  Slags  of  a  more  extreme  composition  or  basicity, 
for  instance,  though  found  less  fusible  in  our  experiments,  might 
become  admissible,  though  neither  advantageous  nor  necessary. 

Our  object  was  not  so  much  to  obtain  a  considerable  quantity  of 
pig-iron  as  to  judge  of  the  behavior  of  the  ores  and  fusibility  of 
slags  obtained  in  these  new  conditions.  In  order  to  allow  any  metal- 
lurgist to  judge  for  himself  of  the  manner  in  which  we  have  tried 
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to  realize  these  conditions  and  to  understand  better  what  follows,  we 
give  in  Figs.  7  to  10  the  plans  of  the  furnace  and  hot-blast  apparatus 
as  they  have  been  constructed. 


The  small  furnace  erected  at  Perth  A^mboy,  N.  J.,  in  June,  1892, 
had  the  following  dimensions:  Diameter,  top,  16  inches;  at  bosh,  28 
inches;  at  hearth,  12  inches;  depth  from  bottom  of  hearth  to  center- 
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line  of  tuyeres,  13  inches ;  height  of  boshes  proper,  3  feet,  with  a 
straight  part  about  1  foot ;  shaft,  4  feet ;  total  height  of  furnace,  9 
feet.  The  lining  was  made  of  wedge-shaped  bricks,  9  by  4J  by  2J 
inches,  not  moulded  specially  to  suit  the  diameter  of  the  furnace, 
and  the  bevel  of  which  did  not  permit  the  joints  to  be  made  close. 
For  their  whole  length  they  had  to  be  cut  and  the  interstices  had  to  be 
filled  with  broken  bricks  and  fire-mortar.  The  lining  9  inches  deep 
was  backed  with  red  bricks  (a  mistake,  we  believe).     There  were 


vertical  section  horizontal  section 

Hot   Blast  Apparatus   of  small  Furnace 
AT   Perth    Amboy,  N.  J. 

two  tuyeres  made  of  1-inch  wrought-iron  pipes,  not  cooled  by  circu- 
lation of  water.  A  wedge-shaped  brick  having  been  set  in  the  fur- 
nace while  building,  at  the  proper  place  for  tuyere,  and  drilled 
through  its  axis  in  order  to  admit  the  iron  pipe,  the  latter  was  fitted 
snugly  in  the  hole,  reaching  only  half-way  in.  The  hot-blast  pipe 
feeding  the  tuyeres  was  a  2-inch  wrought-iron  pipe  going  around 
the  outside  masonry  and  covered  with  magnesia  felting  to  avoid  loss 
of  heat  as  much  as  possible.  From  this  sort  of  belly-pipe,  branches 
were  dropped  before  the  tuyere-openings  and  were  there  properly  re- 
duced so  as  to  connect  with  the  1-inch  pipes  forming  the  tuyeres. 
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These  pipes  were  extended  outwards  so  as  to  clear  the  masonry,  and 
to  project  beyond  the  connection  with  the  hot-air  pipe,  so  as  to  be 
closed  by  a  proper  fitting,  in  which  was  a  mica  eye-piece.  By  re- 
moving this  fitting  the  tuyere  could  be  pricked,  if  required,  by 
means  of  an  iron  rod.  The  cinder-notch  was  obtained  by  omitting 
a  wedge-shaped  brick  at  the  proper  place  in  constructing  the  fur- 
nace, thus  leaving  an  opening  about  2J  inches  square  in  the  furnace, 
widening  vertically  and  horizontally  to  about  18  inches  to  the  face 
of  the  furnace,  the  bottom  of  this  embrasure  having  a  proper  slope. 
The  iron  tap-hole  was  obtained  in  the  same  manner. 

The  hot-blast  apparatus  consisted  of  five  3-inch  iron-pipes,  6  feet 
long,  placed  vertically  and  connected  together  by  return  bends, 
fitted  in  an  oven  constructed  for  the  purpose  and  heated  by  a  coke 
fire,  built  on  a  grate  at  one  end.  As  can  be  seen  in  the  drawings, 
the  pipe-connections  were  so  arranged  that,  by  the  closing  of  valves 
P,  M  and  opening  of  valve  Q,  the  cold  air  discharged  from  a  posi- 
tive-})ressure  Root-blower,  properly  regulated,  could  pass  directly  to 
the  furnace  in  case  of  any  accident  happening  to  the  hot-blast  appa- 
ratus. In  regular  running,  valve  Q  being  closed  and  valves  P,  M 
opened,  the  air  had  to  pass  through  the  oven  before  being  delivered 
to  the  furnace.  We  may  state  here,  in  a  general  manner,  that  the 
arrangement  worked  better  than  we  expected.  We  did  not  burn 
the  tuyere-pipes  and  could  keep  them  clean  readily.  If  anything, 
the  volume  of  blast  was  in  excess.  Though  the  pressure  did  not 
exceed  2  pounds,  the  air  blew  freely  through  the  furnace.  The 
gases  escaping  at  the  mouth  burnt  rather  too  fiercely,  we  should  say, 
for  economy  of  fuel  and  good  reduction  of  the  ores.  The  tempera- 
ture of  the  blast  was  not  measured,  but  it  could  not  have  reached 
over  300  or  400  F.,  as  at  no  time  could  even  a  dull-red  heat  be 
observed  on  the  hot  pipes  at  the  point  where  they  emerged  from  the 
masonry  of  the  oven. 

The  materials  used  had  the  following  composition  : 

Coke.  Ore.  Limestone  (Dolomite  from 


Hackettstown,  N.  J.), 

SiO„ 

2.S8 

SiOj, 

1.34 

2.46 

SiOj,         9.00 

ALA, 

2.33 

TiOj, 

18.70 

20.03 

CaO,       29  00 

¥e,0„ 

1.68 

Fe,0„ 

71.03 

70.73 

MgO,     17.00 

CaO, 

0.19 

CaO, 

1.00 

1.50 

AlA.      3.00 

MgO, 

0.05 

MgO, 

0.50 

0.50 

AlA, 

5.00 

5.00 

Total  ash, 

7.13 

Fe, 

51.44 

51.22 
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The  furnace  was  half-filled  with  charcoal,  wood  and  coke,  and 
then  lighted  at  2  p.m.,  June  1,  1892.  When  the  whole  mass  had 
been  well  ignited  at  5.20  p.m.,  the  first  charge  was  put  in:  coke, 
50;  ore,  20;  stone,  20,  and  8  broken  bricks  and  quartz.  The 
latter  was  added  so  as  not  to  put  the  furnace,  at  once,  on  a  too  titan- 
iferousslag,  before  observations  could  have  guided  us  as  to  its  effect. 
Then  the  ore  was  increased  to  25  in  the  two  next  charges,  then 
charges  were  changed  to  ore,  30 ;  coke,  50 ;  stone,  25 ;  and  kept  at 
that  until  the  furnace  was  full.  The  blast  was  then  put  on  at  7.40 
P.M.,  the  furnace  being  kept  full  with  the  aforesaid  charges  which 
descended  very  gradually  and  evenly,  the  furnace  having  to  be 
refilled  about  every  50  minutes.  At  11.10  p.m.,  cinder  was  tapped 
at  the  cinder-notch  for  the  first  time.  Slag  very  fluid.  Tapped  again 
at  12  P.M.,  then  at  12.50  a.m.  Cinder  hotter  and  very  fluid.  At 
that  time,  the  composition  of  the  slag  likely  to  be  expected  should 
have  been,  omitting  any  FeO  certainly  present,  SiO,,  31 ;  TiOg,  18; 
AlA,  14  ;  CaO,  23 ;  MgO,  13. 

At  1.10  a.m.,  tapped  at  tap-hole.  Iron  came  out  with  a  large 
amount  of  slag.  Hence,  from  7.40  to  1.10,  that  is  in  5|  hours 
from  the  time  the  blast  was  put  on,  iron  showed  itself  at  ihe  tap- 
hole.  Slags  very  fluid,  tuyeres  bright  and  clear;  no  muzzling.  The 
ore  was  gradually  increased  during  the  night  to  35,  lime,  more  or 
less  slacked,  being  added  with  limestone  (dolomite),  in  order  to  cor- 
rect any  possible  excess  of  MgO  in  the  dolomite,  as  we  had  no  cal- 
cite  at  our  disposal.  The  charges  were  then:  coke,  50;  ore,  35; 
stone,  25;  lime,  2;  quartz,  9. 

The  slags  were  tapped  about  every  50  minutes,  and  the  furnace  was 
filled  at  nearly  the  same  intervals;  slags  keeping  very  fluid,  flowing 
freely  on  the  run  to  10  feet  from  the  furnace  without  chilling.  At 
9  a.m.,  iron  came  at  the  tap-hole.  The  composition  of  the  slag  ex- 
pected should  have  been,  as  ba.sed  on  preceding  charges,  about : 


Expected. 

SiO^, 

35.40 

TiO„ 

18  40 

AlA, 

9.75 

CaO, 

25.00 

MgO, 

11.30 

FeO, 

9 

It  was  in  Fact. 

SiOj, 

41.27 

TiO.„ 

14.96 

Al.Ps, 

16.50 

CaO, 

8.88 

MgO, 

5.42 

FeO, 

13.50 

As  we  found  out  afterwards,  silica  and  alumina  were  furnished  to 
the  slag  by  the  bricks  of  the  lining. 

Then   the  quartz  was  suppre.s.sed,  the  limestone  diminished   and 
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the  ore  increased  gradually,  the  charges  being  :  ore,  50 ;  coke,  50  ; 
stone,  15;  lime,  2. 

They  were  kept  at  that  for  over  8  hours ;  the  slags  being  fluid 
and  flowing  freely  from  the  furnace.  Their  analysis  showed:  SiOg, 
21.71  ;  TiOa,  24.73  ;  AlA,  13.76  ;  MgO,  9.05  ;  CaO,  18.38 ;  FeO, 
12.50. 

Later  on,  another  slag  gave:  SiOg,  22.16 ;  TiOg,  40.81 ;  Al^g, 
15.58;  MgO,  5.34;  CaO,  9.51;  FeO,  6.30;  specific  gravity,  3.42, 
the  character  expected  being:  SiOa,  16.00;  TiO,,  38.00;  CaO,  17.00; 
AlA,  15.00;  MgO,  9.00. 

Lime  was  then  added  to  the  furnace  on  general  principles,  the 
charges  remaining  otherwise  the  same;  the  fluidity  of  the  cinders 
aj)pearing  to  justify  this  addition,  and  we  not  desiring  to  increase 
magnesia  by  increase  in  stone.  THe  charges  were  then  :  ore,  50  ; 
coke,  50;  stone,  15;  lime  (slacked),  5;  corresponding  in  limestone  to 
(dolomites  and  calcite)  about  21  stone. 

At  5  P.M.,  iron  had  come  at  tap-hole.  Ran  liquid  from  furnace 
but  chilled  on  the  run,  when  the  tap-hole  was  closed,  blocking  the 
bitter  as  it  had  done,  more  or  less,  from  the  beginning — but  this 
time  seriously,  as  the  obstruction  could  not  be  removed  without 
breaking  the  toy  furnace.  The  furnace  was  then  run  for  slags,  until 
the  crucible  began  to  fill  up  and  was  then  allowed  to  empty  itself, 
which  it  did  down  to  just  below  the  level  of  the  slag-hok,  the  slags 
keeping  fluid,  and  flowing  well  from  the  furnace,  and  the  tuyeres 
being  bright  to  the  last,  with  hardly  a  temporary  muzzling  towards 
the  end.  The  slags  showed :  SiO,,  14.63  ;  TiOs,  35.27  ;  Al^,  15.34; 
CaO,  24.83;  MgO,  9.40. 

The  furnace  was  then  examined,  the  hearth  having  been  cut  open 
on  the  front  and  back  for  the  purpose.  The  lining  had  kept  its 
shape  perfectly  well  down  to  within  16  or  18  inches  of  the  tuyere- 
level,  being  glazed  uniformly  from  the  top.  At  that  depth,  the 
fire-bricks  had  been  cut  away,  in  some  parts  to  nearly  half.  The 
crucible  was  found  filled  with  a  mass  of  chilled  iron  with  very  little 
slag ;  a  mass  which  could  be  detached  without  difficulty  in  a  block, 
leaving  the  bricks  of  the  hearth  clean,  and  to  all  ap[)earances  free 
from  any  adhering  accretions,  not  burnt  in  any  way  and  obviously 
showing  that  the  temperature  had  never  been  very  high  there.  This 
ma.ss  of  iron  was  melted  subsequently  in  a  plumbago  crucible  in  a 
foundry,  and  yielded  some  additional  very  good  pig.  The  greatest 
objection  to  a  prolonged  run  of  the  furnace  besides  the  cutting  away 
of  the  lining  (which,  possibly,  might  have  stopped  where  it  was)  was 
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due  to  the  chilling  of  the  iron  in  the  hearth  proper.  This  hearth  when 
full  even  to  the  cinder-notch  (having  been  calculated  to  be  tapped 
three  or  four  times  a  day)  could  not  hold  more  than  150  to  160 
pounds  as  a  maximum.  The  furnace,  from  the  boshes  down,  had 
a  uniform  diameter  of  5  feet  outside,  leaving  2  feet  of  masonry  (a 
mistake  we  believe)  on  each  side  of  the  small  crucible  (12  inches  in 
diameter),  to  be  heated  up  by  such  a  small  mass  of  iron' taking  some 
8  hours  to  accumulate  iu  the  hearth.  INIoreover,  as  the  bricks  were 
not  moulded  to  shape  but  cut  from  larger  bricks  to  suit,  the  joints 
made  of  fire-mortar  were  out  of  proportion,  the  spaces  between  the 
fire  bricks  on  the  back  having  to  be  actually  filled  with  broken 
bricks;  and,  though  the  furnace  was  dry  to  all  appearance  inside 
when  lighted,  it  kept  steaming  more  or  less  during  the  run.  Under 
these  conditions,  the  small  mass  of  iron  accumulating  gradually  in 
the  crucible,  though  liquid,  was  not  hot  enough,  when  the  tap- 
hole  was  opened,  to  maintain  a  proper  fluidity  as  it  left  the  furnace. 
Our  experience  with  this  furnace  would  enable  us,  we  think,  to 
avoid  that  trouble  in  a  similar  experiment.  But  at  all  events,  no 
ironmaster  would  fear  it  iu  a  large  furnace /rom  ichichslag  ran  freely. 
We  do  not  claim  that  everything  has  been  settled  definitely  by 
this  experiment.  But  it  has  been  possible  to  obtain  from  ores 
containing  some  20  per  cent,  of  TiO^,  in  a  continuous  manner,  under 
the  conditions  of  working  of  a  furnace  and  on  a  scale  certainly  un- 
favorable to  good  reduction  of  the  ores  and  a  proper  distribution  of 
heat  in  the  different  parts,  both  slags  and  pig-iron.  The  slags 
showed  good  fluidity  and  fusibility,  though  containing,  some,  25  TiOg 
to  22  SiO, ;  others  40  TiO,  to  22  SiO„  and  some  35  TiO^  to  14 
SiOg,  with  magnesia,  alumina,  and  lime  as  bases.  No  other  addi- 
tion of  fluxes  to  the  ores  and  coke  was  required  than  limestone  (dolo- 
mite and  calcite  mixed,  pure  lime  having  been  once  resorted  to  for 
want  of  calcite);  and  the  consumption  of  materials  (certainly  of 
flux  and  even  of  coke,  considering  the  dimensions  of  the  furnace) 
was  fairly  economical  for  a  51  per  cent,  iron-ore,  viz.,  ore  50,  coke 
50,  stone  21.  At  the  same  time  a  mottled  or  mottled-white  iron 
was  obtained  which  was  considered  as  very  strong  by  some  founders, 
and  which  we  offer  for  examination. 

Discussion. 

Philip  W.  Moen,  Worcester,  Mass.  :  It  may  be  of  interest  to 
Mr.  Rossi  and  some  of  the  members  to  know  that  the  same  error  iu 
regard  to  titaniferous  ores  which  prevails  in  this  country  also  ob- 
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tained  for  a  long  time  in  Sweden.  The  largest  single  deposit  of  iron- 
ore  in  southern  Sweden,  and  until  the  opening  of  the  mines  in  the 
far  north,  the  largest  in  Sweden,  is  at  Taberg.  It  is  a  mountain  of 
titaniferous  ore,  and  was  almost  the  only  place  where  ore  was  quar- 
ried in  Sweden.  Since  the  Swedes  found  out  that  titaniferous  ores 
could  be  readily  worked,  and  that  the  only  difficulty  in  their  use 
was  from  their  being  somewhat  more  refractory,  Taberg  has  been 
a  prominent  source  of  supply  to  works  in  its  vicinity,  and  the  ores 
are  successfully  used  in  an  ordinary  charcoal  blast-furnace. 

The  amount  of  titanic  acid  contained  in  the  ores  I  do  not  remem- 
ber ;  but  I  know  that  the  ores  are  used  and  that  the  only  disad- 
vantage is  a  certain  increased  amount  of  fuel  in  the  reduction  of 
the  ore. 

Prof.  B.  J.  Harrington,  Montreal,  Canada :  As  members  are 
aware,  we  have  in  Canada  large  quantities  of  titaniferous  ores,  some 
of  which,  containing  approximately  10  or  15  per  cent,  of  titanic 
acid,  have  been  shipped  in  considerable  quantities  to  the  United 
States.  I  do  not  know  what  was  done  with  them  there,  but  sup- 
pose they  were  mixed  with  other  ores  before  treatment. 

Then  we  have  other  titaniferous  ores  containing  a  much  larger 
percentage  of  titanic  acid,  and  with  these  rather  costly  experiments 
have  been  made.  Mr.  Rossi  is  no  doubt  familiar  with  what  was 
done  many  years  ago  at  Bay  St.  Paul,  in  this  Province,  where  they 
attempted  to  treat  an  ore  containing  over  48  per  cent,  of  titanic 
acid,  partly  as  a  constituent  of  the  ilmenite  and  partly  in  the  form 
of  red  grains  of  rutile.  As  might  be  expected,  the  attempt  met 
with  utter  failure.  The  question,  however,  was  not  approached  in 
the  rational  way  in  which  Mr.  Rossi  has  taken  it  up;  and  appa- 
rently it  was  expected  to  get  60  or  70  per  cent,  of  iron  from  the  ore, 
when  it  contained  more  than  40  per  cent,  of  titanic  acid.  Possibly 
it  may  interest  Mr.  Rossi  and  others  present  to  see  a  specimen  of 
the  iron  that  was  made  at  that  time.  You  will  notice  that  it  is 
white  and  very  hard. 

Of  course  one  difficulty  was  the  enormous  quantity  of  fuel  that 
was  required.  I  think  that  in  some  cases  they  used  over  300 
bushels  of  charcoal  to  the  ton  of  iron ;  and  consequently,  after 
smelting  for  about  three  months,  they  gave  up  the  business.  They 
had  spent  about  80,000  pounds  sterling  for  plant,  etc. 

But  there  are   titaniferous  ores  awcZ  titaniferous  ores;  and  when 
we  speak  of  smelting  them  we  should  keep  the  distinction  in  mind. 
There  is  a  great  deal  of  difference  between  an  ore  containing  40  per 
VOL.  XXI. — 55 
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cent,  of  titanic  acid  and  one  containing  10  per  cent.,  like  that  which, 
as  we  have  just  been  told,  is  regularly  smelted  in  Sweden. 

Prof.  T.  Egleston,  New  York  City  :  Several  years  ago  I  had 
occasion  to  make  a  careful  examination  of  a  New  Jersey  magnetic 
ore  for  phosphorus,  for  one  of  the  large  establishments  of  Pennsyl- 
vania. The  ore  did  not  contain  even  a  trace  of  it,  but  I  found  to 
my  surprise  from  5  to  6  per  cent,  of  titanium.  The  ore  was  then 
being  used  and  had  been  regularly  used  for  a  long  time  as  a  Besse- 
mer ore,  with  very  great  advantage.  It  was  not  known  previous  to 
ray  examination  that  the  ore  contained  any  titanium.  It  is  an  in- 
teresting fact  that  many  of  these  so-called  titaniferous  ores  are  mix- 
tures of  magnetite  with  menaccanite  in  various  proportions.  It  is 
usually  considered  that  when  they  contain  from  7  to  8  per  cent,  of 
titanium  they  cannot  be  used,  but  it  has  not  always  proved  to  be  so, 
though  it  would  be  dangerous  to  try  such  an  ore,  except  in  very 
small  quantities.  I  regard  the  question  of  the  use  of  those  ores  as 
one  of  very  great  importance,  since  my  experience  with  them  has 
been  that  the  ores  containing  menaccanite  are  usually  entirely  free 
from  phosphorus  and  are  therefore  of  special  value.  I  am  quite 
sure  that  there  were  some  furnaces  using  titaniferous  ores  some  years 
ago,  without  being  aware  of  it,  with  beneficial  results;  and  there 
were  also,  about  1850,  some  monuments  which  were  standing  as 
witnesses  of  the  folly  of  those  who  attempted  to  u&e  the  ores  as  such, 
the  furnaces  freezing  solid  on  account  of  the  infusibility  of  the  ore. 

Wm.  B.  Phillips,  New  York  City  (Communication  to  the  Sec- 
retary):  This  discussion  has  brought  out  the  following  facts,  all  of 
which  have  been  part  of  the  common  stock  of  information  for  seve- 
ral years : 

First,  that  in  some  places,  notably  in  Sweden,  titaniferous  ores 
have  been  successfully  used  in  the  production  of  excellent  pig-iron 
for  many  years. 

Second,  that  in  some  other  places,  notably  in  the  United  States, 
such  ores  have  been  used  with  varying  success.  In  the  Adirondack 
region  they  were  used  more  than  forty  years  ago,  and  the  slags  prove 
that  the  burden  was  not  particularly  refractory. 

Third,  that  some  furnaces  have  run  on  Bessemer  ore  containing  5 
to  6  per  cent,  of  titanic  acid,  and  have  experienced  no  serious  trouble, 
while  others  with  a  less  amount  have  had  one  difficulty  after  another. 
If  there  is  a  consensus  of  opinion  among  American  blast-furnace 
managers  on  any  one  topic,  it  is  the  general  inapplicability  of  titan- 
iferous ores. 
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But  Mr.  Rossi  proposes  a  new  method  of  treatment  which,  in  brief, 
is  the  formation  of  multiple  titanates  in  the  slag  and  the  production 
of  high-carbon,  low-silicon  iron.  Tlie  freedom  of  the  great  deposits 
of  titauiferous  ores  from  silica  allows  their  use  in  the  blast-furnace, 
even  under  the  operation  of  high  temperatures,  for  the  production 
of  stock  well  suited  for  the  open-hearth  furnace,  whether  acid  or 
basic.  These  deposits  exist  in  enormous  masses,  easily  accessible 
and  cheaply  mined,  and,  as  a  rule,  yield  ore  very  low  in  phosphorus 
and  silica.  Now  the  question  is,  how  long  will  American  metallur- 
gists cling  to  their  opinion  that  these  ores  cannot  be  profitably  treated  ? 
Mr.  Rossi  has  shown  that  they  are  neither  infusible  nor  especially 
refractory;  he  has  exhibited  .samples  of  slags  containing  40  per  cent, 
of  titanic  acid,  and  their  general  appearance  is  proof  that  they  have 
been  in  a  state  of  complete  fusion.  He  does  not  claim  that  his  ex- 
periments are  conclusive,  but  he  does  claim,  and  with  good  reason, 
that  the  verdict  recorded  against  these  ores  is  unju.st,  ba.sed  on  en- 
tirely insufficient  grounds,  and  far  from  creditable  to  the  progressive 
spirit  of  American  metallurgy. 

It  is  high  time  we  turned  our  faces  from  the  past,  and  confronted 
present  conditions,  and  I,  for  one,  believe  that  in  the  smelting  of 
titauiferous  ores  there  is  abundant  promise  of  success.  The  prepa- 
ration of  iron  of  great  toughness,  and  the  production  of  special  grades 
of  iron,  open-hearth  stock  in  particular,  hold  out  inducements  of  no 
ordinary  kind.  AYe  await  with  interest  whatever  Mr.  Rossi  may. 
hereafter  be  able  to  tell  us  of  his  further  treatment  of  these  ores. 


IfOTES  OX  THE  GEOLOGY  OF  THE  HALF-MOON  MINE, 
PIOCHE,  NEVADA. 

BY  ERNEST  WILTSEE,    SAN  FRANCISCO,    GAL. 
(Montreal  Meeting,  February,  1893.) 

The  Half-Moon  mine,  situated  three  miles  west  of  the  town  of 
Pioche,  exhibits  geological  features  which  are  peculiar  and  interest- 
ing. The  general  formation  in  the  vicinity  of  Pioche  consists  of  a 
quartzite,  usually  covered  with  an  overlying  limestone  containing 
strata  of  shale.  In  the  camp  itself,  where  the  original  mines  are 
situated,  the  quartzite  has  been  denuded,  and  the  principal  veins 
outcrop  in  this  formation  ;  to  the  w^est,  the  quartzite  is  again  cov- 
ered with  limestone,  containing  thin  strata  of  shale. 
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The  original  discovery  of  the  Half-Moon  mine  was  made  upon  a 
vein  lying  nearly  flat,  in  the  contact  between  a  shale  and  an  over- 
lying limestone.  The  section,»rig,  1,  explains  the  general  features. 
The  croppings  of  V  are  plainly  marked,  and  occur  in  the  shape  of 
a  crescent,  due  to  the  contour  of  the  hill,  near  the  base  of  which 
they  lie.  The  workings  up  to  this  date  have  been  wholly  upon  this 
flat  vein.  The  stratum  of  limestone  which  forms  the  hanging-wall 
throughout  the  mine  has  a  thickness  of  from  3  to  4  feet.  At  many 
points  the  lime  has  been  replaced  by  manganese;  in  some  places  so 
completely  that  the  limestone  is  entirely  gone,  and  the  manganese 
extends  to  the  overlying  shale.  The  manganese  carries  about  5 
ounces  of  silver  per  ton.  The  shale  overlying  the  limestone  hang- 
ing-wall has  a  thickness  of  10  to  15  feet;  over  this  the  formation  is 
a  limestone  to  the  top  of  the  ridge.  The  shale  underlying  the  vein 
and  forming  the  foot-wall  is  soft  in  character,  somewhat  fractured, 
and  contains  many  fossils,  mostly  trilobites,  varying  in  size  from  J 
inch  to  6  inches.  Tiie  bed  is  about  20  feet  in  thickness,  and  over- 
lies a  limestone,  the  exact  depth  of  which  is  unknown,  but  is  in  the 
neighborhood  of  100  to  200  feet.  Underneath  this  limestone  is 
found  the  quartzite  (the  fundamental  formation  of  this  immediate 
portion  of  the  district),  which  has  not  yet  been  penetrated  by  the 
deepest  workings  of  the  mines  of  the  camp. 

The  flat  vein,  V,  dips  to  the  south  at  a  slight  angle,  never  exceed- 
ing 10°,  and  usually  5°  or  less.  It  is  regular,  well-stratified,  and 
uniform  in  composition  and  contents.  The  stratification  of  the  vein 
is  very  marked,  the  sub-strata  composing  it  usually  varying  in  thick- 
ness from  J  inch  to  1  inch.  The  gangue- material  is  quartz,  carry- 
ing about  10  per  cent,  of  iron,  and  about  15  per  cent,  of  lead, 
which  occurs  in  the  forms  of  sulphide  and  carbonate.  The  vein 
varies  in  thickness  from  8  inches  to  2  feet,  averaging  16  inches. 
It  never  pinches  out,  and  is  found  at  every  point  of  opening.  Its 
uniformity  is  such  that  a  regular  and  certain  yield  can  be  counted 
upon  from  any  given  piece  of  ground,  while  the  hard  limestone  over- 
head, and  the  underlying  soft  shale,  render  tiie  extraction  of  the  ore 
easy  at  comparatively  low  cost. 

As  has  been  stated,  work  was  begun  upon  the  outcrop  of  the  flat 
vein,  levels  being  extended  toward  the  south.  Mr.  S.  T.  Godbe, 
then  in  charge  of  the  work,  believed  from  his  knowledge  of  the  for- 
mation that  this  flat  vein  would  eventually  fall  into  one  of  the 
steeper  veins  of  the  district.  After  driving  south  about  600  feet, 
the  vein  dipping  gently  in  that  direction,  it  was  discovered  that  the 
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vein  turned  over  and  fell  into  a  main  fissure,  F,  extending  through 
the  country,  the  outcrop  of  which  is  well  marked  for  several  miles, 
and  the  dip  is  60°  to  70°.  The  bending  down  and  dropping 
over  of  the  flat  ledge  is  plainly  visible,  and  is  attended  with  no  cut- 
ting-off  or  cessation  of  the  vein,  which  turns  gently  and  falls  into  the 
fissure  on  the  foot-wall  side.  At  the  point  where  this  bending-over 
is  siiown  in  the  tunnel,  T,  driven  from  the  south  side  of  the  ridge, 
an  enrichment  of  the  vein  was  noted,  the  silver  contents,  which 
averaged  usually  23  ounces,  increasing  to  50  ounces.  As  little  work 
has  been  done  under  the  tunnel  level,  the  extent  and  character  of  the 
vein  in  depth  have  not  been  proved. 

The  main  fissure,  F,  into  which  the  flat  vein  falls,  has  an  easterly 
and  westerly  course,  dipping  60°  to  70°  S.  The  width  is  never  less 
than  4  feet,  and  at  times  20  feet  or  over.  The  filling  of  the  fissure 
above  the  j)oint  at  which  it  receives  the  flat  vein  consists  of  iron- 
stained  quartzose  material  and  "porphyry;"  no  ore  of  value  is 
found.  The  country  to  the  south,  forming  the  hanging-wall  of  this 
main  fissure,  has  been  faulted  by  the  fissure.  Solid  limestone  is 
found  opposed  to  the  shales,  while  at  a  depth  of  between  200  and 
300  feet  the  shale  is  met  with,  corresponding  to  that  which  forms 
the  foot- wall  of  the  flat  vein,  and  showing  that  there  has  been  a 
relative  subsidence  on  the  hanging- wall  side. 

The  main  fissure,  F,  is  a  strong  and  persistent  one,  extending  east 
to  Pioche,  where  it  enters  the  Raymond  and  Ely  property,  the  Inde- 
pendence claim  being  located  upon  it.  In  the  Raymond  and  Ely 
ground  the  fissure  widens  considerably,  the  porphyry  filling  becomes 
much  wider,  and  the  Raymond  and  Ely  "  Black  "  ledge  occurs  on 
the  foot-wall  contact,  between  the  porphyry  and  the  quartzite. 
Going  east,  the  Mazeppa  and  the  Yuba  mines  are  situated  upon  it, 
the  Yuba  finding  veins  on  both  contacts,  with  a  third  vein  in  the 
middle  of  the  porphyry.  This  porphyry  fissure  is  the  main  lode  of 
the  district;  all  the  various  veins  converge  towards  it  in  depth,  and 
will,  in  all  probability,  fall  into  it. 

In  explanation  of  the  peculiar  occurrence  of  the  Half-Moon  vein, 
it  certainly  appears  as  if  the  main  fissure,  extending  up  through  the 
limestone  and  outcropping  upon  the  surface  of  the  ridge,  were  the 
original  one;  but  that  whatever  mineral  solutions  at  first  came  up 
through  it  did  not  carry  precious  metals  to  any  extent.  Afterwards, 
by  some  movement  of  the  limestone  or  superimposed  shale,  either 
the  upward  flow  of  the  mineralized  solutions  was  cut  off  or  an  easier 
point  of  escape  was  found  through  the  contact  between  the  limestone 
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and  shale.  These  later  solutions  proved  to  be  the  ones  carrying 
valuable  mineral  contents,  and  formed  the  flat  vein  upon  which  the 
Half-Moon  mine  was  located. 

The  Half-Moon  ore-shoot  has  an  extreme  length  of  900  feet  to 
the  point  where  the  vein  falls  into  the  fissure.  It  has  been  devel- 
oped for  a  width  of  300  feet  as  far  as  worked,  the  limit  of  pay-ore 
to  the  east  having  been  reached,  while  on  the  west  the  furthest  de- 
velopments are  still  in  good  ore,  with  no  diminution  as  to  size  of 
vein  and  grade  of  ore.  The  assay  of  1560  tons  extracted  gave  :  lead, 
15.4  per  cent.;  silver,  23.4  ounces;  and  gold,  0.442  ounces.  Analy- 
ses of  a  portion  of  the  shipment  gave:  silica,  60;  iron,  10;  lime,  2| ; 
and  manganese,  2|  per  cent. 

The  writer  is  indebted  to  Mr.  S.  T.  God  be  for  much  of  the  data 
contained  in  this  paper,  as  well  as  for  valuable  information  concern- 
ing the  entire  Pioche  district. 

Discussion. 

John  A.  Church,  New  York  City :  Mr.  Wiltsee  presents  us  a 
case  which  many  have  sought  and  few  (if  any)  have  found  :  the  case 
of  a  vein  so  situated  that  the  actual  ore-channel  can  be  identified. 
With  him  this  is  not  a  mere  deduction,  but  he  has  seen  the  ore  con- 
tinuing from  the  exploited  bed  into  the  channel  through  which  it  all 
came.  Geologists  often'  assert  that  ore-bearing  solutions  have 
followed  a  dyke,  or  a  particular  system  of  fissures  or  bed-planes  ; 
but  these  are  acknowledged  cases  of  deduction,  and  not  of  visible 
concrete  fact.  If  Mr.  Wiltsee's  observations  and  conclusions  can  be 
established  fully,  the  Half  Moon  mine  will  be  a  place  of  great 
geological  interest.  I  have  seen  the  mine,  and  I  regret  to  say  that 
I  do  not  think  the  circumstances  sustain  Mr.  Wiltsee  in  his  ex- 
tremely positive  position.  His  explanation  is  possible,  and  entirely 
conformable  to  the  present  state  of  opinion  ;  but  I  think  the  evi- 
dence is  too  meager  to  permit  us  to  accept  the  Half  Moon  as  an 
acknowledged  example  of  bed-vein  in  immediate  contact  with  an 
identified  main  fissure  as  ore-channel. 

The  facts  on  which  his  opinion  is  predicated  are  derived  from  one 
tunnel  and  one  sole  point  of  observation  ;  and  I  think  any  one 
familiar  with  mines  in  limestone  will  feel  that  more  than  one  other 
confirmatory  observation  would  be  necessary  to  establish  the  connec- 
tion with  an  ore-channel.  It  is  a  common  thing  to  find  such  ap- 
pearances, but  equally  common  to  find  that  they  are  local  and  un- 
important. 
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It  is  not  certain  that  the  "  main  fissure  "  of  which  Mr.  Wiltsee 
speaks  runs  from  the  Half  Moon  to  the  Raymond  and  Ely  and 
other  Pioche  mines.  The  dyke  on  which  the  Yuba  mine  is  situated 
may  be  continuous  to  the  Half  Moon  ;  but  I  believe  no  continuous 
line  of  croppings  has  been  established  to  prove  the  fact.  It  is  more 
probable  that  there  is  a  system  of  parallel  fissures.  In  fact  there  has 
been  a  vast  deal  of  fissuring  there  in  two  directions,  east  and  west 
and  north  and  south,  though  not  at  right  angles.  In  this  very  Half 
Moon  mine  there  are  many  faults  and  slips;  and  the  whole  country 
for  several  miles  shows  remarkably  extensive  fissuring  in  lines  of 
pronounced  parallelism. 

The  object  of  my  criticism  is  to  prevent  the  too  ready  acceptance 
of  conclusions  in  place  of  acknowledged  facts.  Papers  like  the  one 
before  us  are  valuable,  and  when  written  with  positiveness  are  too 
often  accepted  as  proof  in  support  of  theories  and  systems  of  classi- 
fication which  do  not  deserve  the  degree  of  credence  they  receive. 
One  of  the  remarkable  facts  of  vein-geology  is  the  elusive  character 
of  ore-channels,  which  have  rarely  been  pointed  out  with  absolute 
identification;  and  the  subject  is  so  interesting  that  I  think  identifi- 
cation ought  not  to  be  asserted  without  considerable  proof. 

R.  W.  Raymond,  New  York  City  :  While  the  force  of  Mr. 
Church's  caution  must  be  recognized,  I  think  he  has  been  scarcely 
just  to  Mr.  Wiltsee,  in  representing  the  tone  of  this  paper  as  one  of 
over-hasty  dogmatism ;  and  since  the  author  is  absent  from  the 
country,  and  will  have  no  opportunity  to  defend  himself,  I  take  the 
liberty  of  pointing  out,  first,  that  he  has  stated  fully  the  extent  and 
limitations  of  his  evidence,  and  secondly,  that  he  has  offered  his 
theoretical  explanation  in  a  suitably  hypothetical  tone,  introducing 
it  with  the  phrase,  "  it  certainly  appears  as  if"  which,  to  my  mind, 
is  not  much  more  "positive"  than  Mr.  Church's  own  comment: 
"  His  explanation  is  possible,  and  entirely  conformable  to  the  pres- 
ent state  of  opinion."  Whether  the  facts  as  stated  in  this  paper  are 
not  equally  consistent  with  some  other  explanation,  and  whether  any 
valuable  deductions  can  be  made  from  such  limited  data,  are  ques- 
tions to  which  attention  may  be  called  without  reflecting  upon  the 
tone  of  the  paper.  So  far  as  this  case  goes,  it  simply  adds  another 
to  the  many  instances  in  which  more  extended  mining  developments 
and  more  minute  study  of  the  facts  of  vein-structure,  paragenesis, 
and  dynamic  history  may  throw  much  light  upon  a  subject  still  en- 
veloped in  doubt  and  difficulty.  We  have  had  a  great  deal  to  do, 
in  the  mines  of  Leadville,  with  the  relations  of  faults  to  the  "con- 
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tact  "-deposits  ;  and  it  can  scarcely  be  said  at  this  time  that,  after 
years  of  active  development  and  study,  we  are  agreed  upon  such 
primary  questions  as  whether  the  original  ore-bearing  solutions  as- 
cended or  descended,  whether  the  faults  were  created  before  or  after 
the  original  ore-deposition,  or  whether,  in  either  case,  the  fault-fis- 
sures were  the  main  channels  of  original  or  secondary  solutions. 
One  difficulty  is,  that  while  we  assume  the  oxidized  ores  (includ- 
ing lead  carbonates)  to  be  the  product  of  reactions  with  surface- 
waters  (since  these  are  those  which  carry  oxygen)  we  are  obliged  to 
recognize  the  fact  that  such  oxidation,  affecting  as  it  does  the  bulk 
of  the  mineral,  involves  transfer  and  redeposition  ;  and  we  should 
take  into  consideration  also  the  further  fact,  that  organic  matter 
may  reduce  ores  already  oxidized,  so  as  to  reproduce,  as  secondary 
or  tertiary  products,  such  minerals  as  pyrites  or  galena.  We  can- 
not always  be  sure,  therefore,  from  the  simple  presence  of  sulphides, 
whether  they  were  deposited  from  above  or  from  below.  Again,  the 
ore  actually  carried  mechanically  into  a  fault-fissure,  from  a  pre-ex- 
isting deposit,  may  be  subsequently  so  affected  and  rearranged  as  to 
obliterate  its  original  fragmentary  character,  and  make  it  appear  to 
be,  for  a  considerable  distance  at  least,  a  precipitated  or  crystalline 
ore-deposit.  I  notice  that  Mr.  Wiltsee  speaks  of  the  horizontal  vein 
as  "  falling  into  the  fault-fissure,"  although  his  theory  is  that  the  ore 
passed  from  the  fissure  into  the  horizontal  bed.  This  unconscious 
use  of  language  really  exhibits  the  essential  ambiguity  of  the  phe- 
nomenon. 

W.  P.  Blake,  Shullsburg,  Wis.  :  I  do  not  remember  to  have 
seen  this  particular  ground  ;  but  the  section  shown  in  Mr.  Wiltsee's 
paper  indicates  to  me,  prima  facie,  a  horizontal  bed,  with  a  faulting 
fissure,  and  presumptively  a  continuance  of  the  horizontal  bed  at  a 
lower  level  on  the  other  side  of  the  fault.  I  should  assume,  in  the 
absence  of  further  evidence,  that  the  vein-filling  in  the  fault  had 
been  derived  from  the  horizontal  bed,  either  by  secondary  down- 
ward percolation,  or  by  mechanical  trailing  or  dragging  along  the 
plane  of  the  fault.  At  all  events,  it  would  be  unwarrantable  to  as- 
sume the  fault-fissure  to  have  been  the  original  ore-channel,  before 
the  continuation  of  the  horizon  carrying  ore  on  the  left  of  it  in  the 
diagram  had  been  found  on  the  other  side,  and  proved  to  be  barren. 


874      REDUCTIOX   WORKS   OF   THE   MOUNT  STEWART   MINING   CO. 


THE  BEDUCTION  WORKS  OF  THE  MOUNT  STEWABT 

LEAD  AND  SILVER  MINING  COMPANY, 

LEADVILLE,  NEW  SOUTH  WALES. 

BY    F.    M.    DRAKE,    SIDNEY,    N.    S.    W. 

(Montreal  Meeting,  February,  1893.) 

In  this  paper  I  propose  to  describe  a  plant  which  I  lately  erected 
for  the  Mount  Stewart  Lead  and  Silver  Mining  Company  of  Lead- 
ville,  New  South  Wales,  Australia.  I  am  indebted  to  Mr.  W.  F. 
Burrow,  of  the  Roads  and  Bridges  Department  of  New  South  Wales, 
for  the  drawings  which  I  present  herewith,  he  having  reduced  and 
assembled  them  from  my  working  drawings. 

The  works  are  situated  on  a  sloping  hillside,  but  sufficient  fall 
was  not  available  to  have  the  furnace  as  high  as  desired,  and  at  the 
same  time  have  a  good  slag-tip  and  sufficient  depth  on  the  ore-floor 
to  store  a  supply  of  ore  and  flux. 

The  ore  is  delivered  on  the  ore-floor  (which  is  of  the  full  width  of 
the  furnace-building,  and  extends  back  into  the  hill  a  distance  of 
seventy  feet)  by  two  overhead  tramways  (not  shown  in  the  draw- 
ings), one  on  each  side.  From  these  the  ore-mixture  is  made  up 
on  one  side,  while  it  is  being  taken  to  the  furnace  from  the  other. 
The  fuel  also  is  delivered  by  these  tramways.  The  fluxes  are  stored 
on  a  floor  directly  at  the  back  of  the  boiler  and  engine  room. 

The  boiler  is  a  Cornish  one,  6  feet  6  inches  in  diameter  by  25  feet 
long.  Its  flue  is  3  feet  in  diameter  and  does  not  contain  Galloway 
tubes.     The  working-pressure  is  40  pounds  per  square  inch. 

The  engine  is  an  old-fashioned  one,  with  a  cylinder  16  inches  in 
diameter  by  30  inches  stroke.  Both  the  engine  and  boiler  had  been 
part  of  the  plant  of  a  defunct  gold-mining  company.  They  were 
very  extravagant  in  their  consumption  of  fuel. 

The  blast  is  supplied  by  a  rotary  pressure-blower,  of  the  Baker 
pattern,  made  in  England.  It  has  a  capacity  of  60  cubic  feet  per 
revolution. 

The  furnace,  which  has  several  novel  points,  is  shown  in  detail 
in  Figs.  1,  2  and  3.  The  jackets  are  of  cast-iron,  and  are  higher 
than  those  generally  used.  They  are  different,  too,  in  that  the  feed- 
water  inlet  is  through  a  hand-hole  plate  near  the  bottom.  This  plate 
is  fastened  to  the  jacket  by  stud-bolts,  and  is  provided  with  a  baflle- 
plate,  which  prevents  the  cooling  water  from  impinging  against  the 
inner  plate.     The  outlet  is  by  a  goose-neck  at  the  top,  which  dis- 
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charges  the  water  iuto  the  usual  launders,  and  these  convey  it  to 
the  hollow  columns  which  support  the  superstructure.  These  are 
connected  with  pipes,  which  lead  to  the  cooling-tanks.  The  main 
water-supply  pipe,  instead  of  being  suspended  around  the  upper 
part  of  the  furnace,  is  laid  underground.  The  valves  on  the  branch 
supply-pipes  are  easily  reached  by  the  furnace-man,  and  the  quantity 
of  water  required  cau  be  gauged  to  a  nicety.     1  found  that  the 


Fig.  2. 
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supply-pipes  for  the  end-jackets,  as'shown  in  the  drawings,  were  in 
the  way,  and  I  therefore  connected  them  with  the  pipes  supplying 
the  corner-jackets. 

The  blast-nozzles  are  of  cast-iron,  and  are  held  in  place  by  pins 
passing  through  studs  cast  in  the  jackets.  They  contain  butterfly- 
valves,  so  that  the  blast-supply  can  be  regulated  at  each  tuyere. 
The  tapping-breast  is  of  cast-iron,  and  contains  a  coil  of  pipe 
through  which  water  circulates.  The  slag-spout  also  contains  a 
water-cooled  pipe. 
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The  smoke  is  drawn  off,  underneath  the  feed-floor,  into  a  flue, 
which  connects  with  a  brick  chimney  60  feet  high. 

The  feed-floor,  over  the  furnace,  consists  of  cast-iron  plates,  sup- 
ported by  I-girders,  which  rest  on  the  brick- work  of  the  furnace. 
Small  removable  plates  are  placed  so  that  bars  can  be  introduced 
down  the  sides  of  the  furnace  if  necessary. 

As  the  plant  is  laid  down,  it  can  be  enlarged  without  much  ex- 
pense or  inconvenience.     The  furnace-building  can  be  extended  and 
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another  furnace  put  in.  The  engine-shaft  can  have  a  piece  coupled  to 
it,  to  drive  a  second  blower,  placed  alongside  of  the  one  now  used. 

Figs.  4,  5,  6  and  7  show  plans  and  sections  of  the  general  arrange- 
ment of  the  plant.  Round  timber  was  used  in  the  constructioni 
where  possible,  on  account  of  its  cheapness.  The  sides  and  roofs  of 
the  buildings  are  of  galvanized  corrugated  iron. 

The  iron-work  of  the  furnace  was  made  by  May  Bros.  &  Co.,  ot 
Gawler,  South  Australia,  who  have  also  made  and  erected  plants  for 
companies  at  Broken  Hill  and  other  places. 
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THE  GEOLOGIC  MAP  OF  THE  UNITED  STATES. 

BY  J.    W.    POWELL,    WASHINGTON,   D.    C. 

(Montreal  Meeting,  February,  1893.) 

A  Federal  statute,  enacted  several  j'ears  since,  provides  for  the 
preparation  of  a  geologic  map  of  the  United  States. 

There  are  three  requisites  for  a  geologic  map.  The  first  is  a  suit- 
able base-  or  surface-map  upon  which  the  rock-formations  may  be 
platted  by  means  of  conventions  ;  the  second  is  a  classification  of  the 
rocks  and  formations,  and  the  third  is  a  system  of  conventions  by 
which  the  rocKs  and  formations  may  be  represented  on  the  map. 

When  the  work  of  the  Federal  bureau  created  to  prepare  the  geo- 
logic map  was  commenced,  a  topographic  survey  of  the  country  was 
undertaken  for  the  purpose  of  making  maps  suitable  for  the  use  of 
geologists  in  tlie  field  and  for  the  representation  of  the  geology;  and 
this  work  has  ever  since  been  continued.  The  surveys  have  now 
extended  over  about  one-fifth  of  the  national  domain,  and  are 
mapped  on  a  series  of  atlas-sheets,  each  constituting  a  section  of  the 
great  map  of  the  United  States.  About  700  of  these  atlas-sheets 
are  completed.  They  are  in  extended  use  among  engineers,  miners, 
prospectors,  map-publishers  and  educators,  and  are  thus  widely 
known;  moreover,  these  base-maps  have  been  exhibited,  described 
and  discussed  at  meetings  of  the  Institute,  and  thus  do  not  require 
detailed  consideration. 

CLASSIFICATIOISr   OF    RoCKS    AND    FORMATIONS. 

Modern  classification  is  designed  to  express  natural  relation.  In 
the  beginning  of  observational  science,  or  natural  science,  objects 
were  discriminated  and  grouped  by  differences  and  resemblances; 
but  at  first  the  differences  and  resemblances  recognized  in  the  classi- 
fication were  external,  even  superficial,  and  often  confined  to  single 
features.  Later,  groups  of  features  and  characteristics,  both  exter- 
nal and  internal,  were  recognized  as  the  basis  of  classification  ;  and 
of  recent  years,  throughout  the  entire  domain  of  biology,  and  to  a 
considerable  extent  in  the  kindred  sciences,  classification  is  based  not 
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simply  on  the  sum-total  of  resemblances  and  differences,  but  on 
the  intrinsic  and  essential  relations  which  these  resemblances  and 
dijfFerences  are  supposed  to  express.  In  this  way  the  modern  classi- 
fication of  natural  history  has  come  to  be  a  classification  by  the  most 
fundamental  relation,  i.e.,  genetic  relation,  or  origin. 

Geology  is  among  the  youngest  of  the  sciences.  Until  well  within 
the  present  century,  certain  rocks  and  other  mineral  substances  of 
the  earth  were  classified  by  extrinsic  or  fortuitous  characters  ;  stones 
and  clays  were  classified  by  their  uses,«ores  by  the  metals  they  yielded, 
coals  by  their  ash  or  flame ;  but  by  far  the  greater  portion  of  the 
rocks  of  the  earth  remained  unclassified.  Toward  the  middle  of  the 
century,  a  certain  part  of  the  rocks  of  the  earth  came  to  be  classified 
by  origin  and  by  time-relation  as  indicated  by  the  organic  remains 
found  within  them ;  yet  a  considerable  part  of  the  rocks  of  every 
country  were  either  classified  only  by  economic  use  or  external  ap- 
pearance, or  else  were  not  classified  at  all ;  indeed,  it  is  only  within 
the  last  quarter-century  that  the  superficial  formations  and  deposits 
overlying  the  harder  rocks  have  been  clearly  discriminated  over 
large  areas  and  that  the  crystalline  rocks  have  been  bound  together 
by  a  rational  classification. 

^Vhen  the  Geological  Surv^ey  was  instituted,  the  need  for  a  com- 
prehensive system  of  rock-classification  applicable  to  the  various 
kinds  of  rock-formations  of  the  country  was  recognized,  and  the 
work  of  the  bureau  has  been  largely  determined  by  this  need.  There 
was  a  satisfactory  system  of  classification  of  the  sedimentary  fossil- 
iferous  formations,  in  accordance  with  which  such  formations  might 
be  arranged  by  origin  or  genetic  relations,  and  the  origin  of  most  of 
the  superficial  formations  was  recognized  in  a  general  way;  but  this 
knowledge  was  not  yet  applied  in  detailed  classification,  while  the 
greater  part  of  the  crystalline  rocks,  with  their  as.sociated  minerals, 
were  classified  by  extrinsic  resemblances  only,  or  by  rude  analogy 
with  the  sedimentary  rocks.  Accordingly,  the  principal  work  of  the 
bureau  at  the  outset  was  research  concerning  the  origin  and  intrinsic 
relations  of  a  considerable  portion  of  the  rocks  of  the  country,  with  a 
view  immediately  to  the  development  of  a  rational  classification,  and 
ultimately  to  the  application  of  this  classification  in  the  construction 
of  a  geologic  map  of  the  highest  possible  order. 

The  Fossilijh'ous  Rocks. — The  greater  portion  of  the  rocks  form- 
ing the  visible  crust  of  the  earth  are  sediments  collected  from  the 
lands  by  running  water  and  afterward  deposited  in  standing  water; 
and  these  sediments  contain  more  or  less  abundant  fossilized  remains 
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of  organisms  existing  at  the  time  the  sediments  were  accumulated. 
Commonly,  such  sediments  lie  in  sheets,  layers  or  ledges,  each  more 
or  less  homogeneous  and  together  more  or  less  uniform  in  character, 
but  usually  it  is  convenient  to  combine  a  number  of  such  layers, 
sheets  or  strata  in  a  formation.  In  the  early  days  of  geology  a  for- 
mation was  defined  by  the  character  of  the  rocks  composing  it,  by 
its  mineral  resources,  by  its  economic  value,  by  its  contained  fossils, 
or  by  other  superficial  or  extrinsic  characters ;  but  of  late  years  the 
formation  is  commonly  defined  by  origin,  i.e,  a  formation  is  a  series 
of  deposits  laid  down  within  a  definitely  limited  area,  in  a  definite 
period  of  time,  by  certain  definite  agencies.  Now,  the  formations 
found  in  a  given  area  of  uniform  structure,  which  may  be  called  a 
geologic  province,  occur  in  orderly  relation,  one  resting  on  another, 
like  the  ledges  in  a  quarry  or  the  courses  in  a  stone  or  brick  build- 
ing. Moreover,  since  each  formation  stands  for  a  given  period,  a 
group  of  formations  represents  an  orderly  time-relation,  the  newer 
resting  on  the  older.  Still  further,  the  fossils  found  in  each  forma- 
tion represent  a  period  or  date  in  the  history  of  the  earth,  which  can 
approximately  be  fixed  by  extended  comparison  of  the  fossils  yielded 
by  many  formations  in  different  parts  of  the  world.  These  several 
conditions  are  recognized  in  the  modern  classification  of  sedimentary 
rocks.  Such  rocks  are  first  set  apart  in  a  comprehensive  class  or 
primary  category,  which  is  genetic,  or  defined  by  origin  ;  they  are 
then  arranged  by  observed  space-relations  and  inferred  time-relations, 
much  as  the  varieties  and  species  of  a  genus  of  animals  or  plants  are 
arranged  by  the  biologist.  Again,  sedimentary  rocks  are  commonly 
more  or  less  altered,  and  sometimes  the  alteration  is  so  profound  as 
to  demand  recognition  in  a  classification ;  and  in  this  case  the  clas- 
sification by  primary  origin  is  so  modified  as  to  give  expression  to 
the  secondary  conditions  of  origin. 

These  principles  of  the  classification  of  sedimentary  rocks  have 
been  in  vogue  for  many  years,  and  are  applied  by  the  Federal  survey 
just  as  they  have  been  by  State  surveys  and  by  private  institutions 
and  individuals  generally.  It  is  to  be  observed,  however,  that  while 
fossils  of  a  certain  class — the  remains  of  invertebrate  animals — have 
been  under  investigation  for  many  years  and  are  fairly  understood, 
certain  other  classes  of  fossils  useful  in  the  classification  of  rocks 
were  little  understood  when  the  Federal  bureau  began  its  work. 
Accordingly,  extended  researches  were  made  concerning  fossilized 
remains  of  vertebrate  animals  and  fossil  plants  and  insects  ;  for  many 
of  the  formations  of  the  country  are  void  of  invertebrate  fossils,  yet 
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abound  in  the  remains  of  vertebrates  and  of  plants  and  insects,  by 
which  alone  they  may  be  classified  ;  and,  moreover,  it  is  to  be  re- 
membered that  the  value  of  fossils  as  a  basis  for  classification  is  pro- 
portionate to  the  extent  and  comprehensiv^eness  of  the  researches  re- 
lating to  them.  Each  class  of  fossils  in  each  geologic  province  yields 
a  local  time-measure  merely,  and  it  is  only  by  comparison  of  all 
possible  classes  of  fossils  from  all  possible  provinces  that  a  trust- 
worthy general  time-measure  can  be  obtained.  Thus  the  work  of 
the  Federal  bureau,  in  the  classification  of  the  sedimentary  rocks, 
has  been  largely  confined  to  the  application  of  principles  already 
recognized  and  to  original  researches  concerning  certain  classes  of 
fossils  not  hitherto  adequately  studied. 

Crystalline  Rocks. — It  has  long  been  held  that  certain  crystalline 
rocks  found  in  the  crust  of  the  earth  were  ejected  from  volcanoes 
during  recent  or  remote  times  ;  that  other  crystalline  rocks  represent 
lava-sheets  intruded  between  strata  or  forced  into  fissures,  perhaps 
without  ever  reaching  the  surface;  and  that  still  other  crystalline 
rocks  were  originally  sedimentary  beds,  and  have  been  altered  or 
metamorphosed  either  by  contact  with  molten  rock-matter  or  by 
pressure  and  frictional  heat  attending  movements  in  the  earth-crust. 
It  has  also  long  been  recognized  that  many  metalliferous  veins  and 
other  materials  of  high  economic  value  are  associated  with  these 
crystalline  rocks.  But  until  within  a  few  years  the  crystalline  rocks 
were  not  classed  by  origin  so  much  as  by  external  appearance  and 
extrinsic  characters;  and,  indeed,  the  precise  mode  of  origin  was 
frequently,  if  not  generally,  in  doubt.  Accordingly,  when  the  Geo- 
logical Survey  was  instituted,  one  of  the  earliest  lines  of  work  taken 
up  was  a  study  of  crystalline  rocks,  with  the  view  of  ascertaining 
their  genesis  and  thus  developing  a  system  of  classifying  these  rocks 
by  intrinsic  relations,  or,  in  other  words,  by  origin.  This  investi- 
gation has  engaged  much  of  the  labor  of  a  corps  of  experts  for  a 
decade,  though  meantime  various  scientific  and  economic  papers  have 
been  prepared  and  published,  and  the  work  has  now  reached  such 
condition  as  to  warrant  the  incorporation  of  the  results  in  a  general 
and  comprehensive  system  of  rocU-classification  required  as  one  of 
the  three  bases  for  a  geologic  map  of  the  United  States.  Among  the 
results  of  this  work  there  may  be  noted  the  recognition  and  clear 
definition  of  a  great  system  of  rocks,  the  Algonkian. 

Superficial  Deposits. — Although  the  superficial  formations  and  de- 
posits overlying  the  bed-rock  throughout  the  greater  portion  of  the 
country,  seldom  yield  valuable  ores,  they  are,  nevertheless,  sources 
of  brick-clay,  building-sand,  potable  water,  and  many  other  valua- 
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ble  products,  and  are,  moreover,  the  basis  of  agriculture;  and  it  is 
of  great  importance  that  they  should  be  studied,  classified  and 
mapped  for  the  benefit  of  the  people  of  the  country.  Now,  it  has 
long  been  recognized,  in  a  general  way,  that  the  deposits  of  a  large 
area  in  northern  United  States  are  of  glacial  origin  ;  and  it  has  also 
been  known  for  many  years  that  certain  recent  deposits  of  the  lower 
Mississippi  region,  the  Great  Basin,  and  other  portions  of  the  coun- 
try, are  water-laid  sediments,  somewhat  analogous  to  the  older  sedi- 
ments forming  the  fossiliferous  rocks;  but  these  deposits  of  north, 
south,  and  west,  and  those  of  other  portions  of  the  country  as  well, 
were  not  classified  in  detail,  and,  indeed,  were  commonly  omitted 
from  geologic  maps.  Accordingly,  one  of  the  lines  of  work  taken  up 
at  the  outset  in  the  Federal  survey,  was  a  study  of  superficial  de- 
posits, with  the  view,  first,  of  developing  a  comprehensive  classifi- 
cation, and,  second,  of  representing  these  deposits  and  their  valuable 
resources  on  the  geologic  map  of  the  United  States.  This  work  has 
absorbed  the  energies  of  a  corps  of  experts  whose  operations  have 
covered  about  half  of  the  national  domain  ;  and  the  various  kinds 
of  superficial  deposits  are  now  so  thoroughly  understood  as  to  admit 
of  rational  classificatioii  and  representation  on  maps,  and  considera- 
ble progress  has  been  made  in  mapping  them. 

In  short,  when  the  preparation  of  a  geologic  map  of  the  United 
States  was  ordered  by  Congress,  only  one  of  the  four  great  primary 
classes  of  rocks  was  sufficiently  understood  to  admit  of  classifica- 
tion in  accordance  with  the  methods  pursued  in  older  branches  of 
science,  i.e.,  by  intrinsic  relation  or  origin  ;  the  crystalline  rocks 
were  either  classified  in  primitive  fashion  by  extrinsic  or  fortuitous 
characters,  or  else  were  not  classified  at  all,  and,  indeed,  the  two 
great  genetic  classes  which  they  represent  were  not  always  discrimm- 
ated ;  while  the  superficial  deposits  were  commonly  ignored  in  geologic 
mapping,  and  were  seldom  classified  in  detail.  The  work  of  devel- 
oping a  philosophic  classification  was,  however,  at  once  commenced  ; 
and  this  was  a  work  of  pure  research,  which  it  was  anticipated  n.ight 
extend  over  one,  two,  or  three  decades.  The  researches  Lave, 
however,  progressed  apace,  and  are  so  well  advanced  that,  in 
nearly  every  portion  of  the  country,  the  various  kinds  of  rocks  and 
formations  are  now  classified  on  a  philosophic  basis;  indeed,  it  is 
believed  that  in  the  comprehensiveness  and  philosophic  character 
of  its  classification  the  young  science  of  geology  fairly  ranks  with 
the  older  branches  of  knowledge.  The  second  prerequisite  for  a  great 
geologic  map  of  the  United  States  has  accordingly  been  attained. 
VOL.  XXI. — 56 
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Conventions  for  Geologic  Mapping. 

In  the  early  days  of  geology  rocks  were  discriminated  and  grouped 
by  external  features,  among  which  color  was  conspicuous ;  and,  in  most 
of  the  early  geologic  maps  and  sections,  the  different  rocks  and  forma- 
tions were  represented  by  colors  corresponding  more  or  less  closely  to 
those  of  the  rocks  and  formations  ;  and  at  first  this  method  of  represen- 
tation was  more  or  less  tinctured  with  alchemism.  In  this  way  there 
grew  up  a  fashion  of  representing  coal-beds  and  coal-bearing  rocks  by 
blacks  and  grays,  the  greensand-bearing  Cretaceous  rocks  by  greens, 
the  great  sand-rocks  by  browns,  the  "Plutonic"  rocks  by  glaring 
reds,  certain  of  the  "  Neptunic"  rocks  by  blues,  etc.,  and  cabalistic 
signs  and  conventions  were  sometimes  introduced.  Further  research 
showed  that  no  color  is  characteristic  of  any  given  formation  or  group 
of  rocks  ;  and,  one  after  another,  the  geologists  of  the  different  states 
and  countries  modified  or  abandoned  the  primitive  system  of  geo- 
logic map-conventions,  each  adopting  a  system  adapted  to  the  needs 
of  his  own  province  or  country.  About  the  middle  of  the  present 
century,  geologic  investigation  became  active  in  many  parts  of  the 
world,  and  during  the  third  quarter-century  a  large  number  of  geo- 
logic maps  were  issued.  With  the  multiplication  of  geologic  maps, 
each  designed  for  a  particular  area  or  country,  the  conventions  for 
the  representation  of  formations  became  discordant  to  such  an  extent 
as  to  attract  a  wide  attention  among  geologists.  Two  diametrically 
opposite  results  flowed  from  this  widespread  attention  to  geologic 
mapping:  In  the  first  place,  an  international  geologic  institution — 
the  Congr^s  Geologique  International — was  created  for  the  purpose 
of  seeking  to  unify  the  conventions  used  in  geologic  maps  and  sec- 
tions throughout  the  civilized  world  ;  and,  in  the  second  place,  offi- 
cial geologists,  working  in  the  interests  of  states  and  countries,  were 
stimulated  to  special  researches  and  experiments  in  the  mapping  of 
their  respective  domains. 

When  the  Geological  Survey  was  instituted,  the  International 
Congress  had  begun  its  deliberations,  but  had  not  reached  definite 
conclusions;  and  this  bureau  was  among  the  geolo<5ic  institutions  of 
the  world  which  began  a  series  of  experiments  and  researches  in 
geologic  mapping,  and  tbese  experiments  and  researches  were  car- 
ried iorward  pari  passu  with  the  development  of  the  system  of  clas- 
sification of  rocks  and  formations.  Tiie  fruits  of  this  work  include 
a  system  of  conventions  corresponding  more  or  less  closely  with 
those  favorably  considered  by  the  International  Congress,  yet  spec- 
ially adapted  to  the  needs  of  the  people  of  the  country. 
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The  requisites  borne  in  mind  in  the  development  of  the  system  of 
conventions  in  use  in  the  Geological  Survey,  are  (1)  conformity  with 
the  philosophic  classification  of  geology  ;  (2)  comprehensiveness,  ^o 
the  end  that  it  may  be  used  for  the  representation  of  the  vast  series 
of  rock  formations  found  in  this  country;  and  (3)  uniformity,  to  the 
end  that  the  user,  once  familiar  with  the  conventions  used  on  any 
one  sheet,  may  easily  read  any  other  sheet  in  which  the  formations 
are  similar  or  related.  It  has  not  been  attempted  to  imitate  the 
natural  colors  of  the  rocks  in  the  conventions,  and  it  is  recognized 
that  the  number  of  formations  to  be  represented  far  exceeds  the  ca- 
pacity for  distinction  by  a  single  color-series.  Moreover,  it  has  been 
recognized  throughout  that  the  purpose  of  the  system  is  the  repre- 
sentation of  the  rocks  of  the  United  States  for  the  benefit  of  the 
people  of  the  country,  and  little  effort  has  been  made  to  sacrifice  do- 
mestic needs  to  foreign  demands. 

The  primary  feature  of  the  system  of  conventions  adopted  for  the 
geologic  map  of  the  United  States  is  the  use  of  a  color-series  four 
times  over  in  different  ways  for  the  representation  of  the  four  pri- 
mary categories  of  rocks.  The  colors  are  used  in  flat  tints  and  line- 
overprints  for  the  representation  of  the  sedimentary  formations, 
which  are  sub-classed  by  age ;  in  hachure  patterns,  with  or  without 
flat  ground-tints,  for  the  metamorphic  and  ancient  crystalline  rocks, 
which  are  sub-classed  so  far  as  possible  by  age  but  also  by  condi- 
tions of  genesis ;  in  angular  patterns,  with  or  without  ground-tints, 
for  the  igneous  rocks,  which  are  sub-classed  by  conditions  of  genesis 
as  expressed  in  composition,  and  so  far  as  practicable  also  by  age ; 
and  in  circular  figures  for  the  superficial  deposits,  which  are  sub- 
classed by  agencies  and  local  conditions  of  origin. 

The  second  essential  feature  of  the  system  is  the  use  of  the  natural 
series  of  colors  of  the  prismatic  scale  for  the  representation  of  the 
great  natural  groups  of  rocks  corresponding  to  the  great  geologic 
ages.     These  colors  are  used  as  follows : 

Neocene, Orange. 

Eocene, Yellow. 

Cretaceons, Yellow-green. 

Jura-Trias, Blue-green. 

Carboniferous,      .         . Blue. 

Devonian, Violet. 

Silurian Purple. 

Cambrian, Pink. 

Algonkian,  . Red. 

Thus,  howsoever  employed,  each  primary  color,  when  printed  as 
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a  flat  tint,  represents  a  given  rock-system  or  age;  among  the  sedi- 
mentary rocks  the  formations  of  each  system  are  represented  by 
line-overprints  of  the  same  color  in  darker  tints  or  tones,  and  when 
the  age  of  the  formation  is  unknown,  the  overprint  is  omitted  ;  the 
ancient  crystallines  are  represented  by  hachures  in  any  color,  either 
irregular  or  so  disposed  as  to  indicate  structure,  coQimonly  on  a 
white  ground,  but  if  the  age  of  the  formation  is  known  in  terms  of 
the  fossiliferous  series  it  is  expressed  by  the  corresponding  system- 
color  as  an  underprint;  the  igneous  formations  are  indicated  by 
angular  figures  on  a  white  ground  when  the  age  is  unknown,  on  the 
age-underprint  when  the  age  is  known  ;  and  when  necessary  the  age 
of  superficial  deposits  represented  by  circular  figures  may  be  ex- 
pressed by  an  underprint. 

Certain  simple  modifications  of  the  purely  geologic  conventions 
are  used  for  indicating  mineral  resources  and  the  industries  and  in- 
dustrial establishments  depending  thereon. 

In  short,  one  of  the  lines  of  work  of  the  Geological  Survey  since 
its  institution  has  been  the  development  of  a  system  of  conventions 
suitable  for  representing  the  rooks  and  formations  of  the  country  for 
the  use  of  the  people ;  and  although  the  technical  execution  of  the 
maps  thus  far  engraved  has  not  yet  reached  the  ideal  standard,  it  is 
believed  that  this  system  is  feasible  and  practical,  and  that  it  will 
meet  present  requirements  and  prospective  needs  so  far  as  these  can 
be  foreseen. 

The  System  of  Mapping. 

Experience  in  this  and  other  countries  has  shown  that  it  is  inex- 
pedient to  publish  large  maps  in  single  sheets,  partly  because  large 
sheets  are  cumbrous,  partly  because  issue  is  thereby  delayed,  since 
the  portions  first  completed  have  to  await  the  completion  of  the  later 
portions.  Thus  the  plan  has  grown  up  of  issuing  large-scale  maps 
in  atlas-sheets.  This  plan  has  been  adoj)ted  by  the  Geological  Sur- 
vey; and  the  atlas-sheets  of  the  map  of  the  United  States  contem- 
plated in  the  statute  are  so  arranged  that  each  constitutes  a  section 
of  the  great  map.  At  first  the  maps  were  prepared  chiefly  on  scales 
of  4  miles  and  2  miles  to  the  inch  ;  but  now  nearly  all  of  the  work 
is  mapped  on  a  scale  of  1  mile  to  an  inch,  yielding  siieets  of  conve- 
nient size,  eacli  covering  one-sixteenth  of  a  square  degree  or  fifteen 
minutes  each  way,  i.e.,  an  area  of  about  1000  square  miles.  Each 
such  atlas-sheet  is  a  unit  of  publicati(Mi. 

Experience  in    the   Geological   Survey  has  shown  that  the  topo- 
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graphic  atlas  sheets  designed  as  bases  for  the  geology  are  of  great 
use  for  a  wide  variety  of  purposes,  and  that  their  conventions  are 
more  or  less  obscured  by  the  geologic  colors,  so  that  their  utility  as 
topographic  maps  is  diminished  by  the  geologic  color,  and  there  is 
accordingly  a  demand  for  such  sheets  without  overprints.  Experi- 
ence has  shown  also  that  the  intelligibility  and  practical  uses  of 
geologic  maps  are  enhanced  by  sections  showing  the  structure,  and 
most  geologic  institutions  have  found  it  necessary  to  construct  such 
sections  either  on  the  margins  of  the  geologic  maps  or  on  accompany- 
ing sheets.  It  has  been  found,  however,  that  sections  are  most  use- 
ful when  introduced  in  the  body  of  the  maps  to  which  they  pertain, 
in  order  that  the  sheet  may  show  at  a  glance  the  areal  and  structural 
relations  of  the  rocks  along  given  lines.  It  is  not  practicable,  how- 
ever, to  introduce  sections  in  the  complete  geologic  sheets,  and  ac- 
cordingly it  has  been  found  desirable  in  the  Geological  Survey,  as 
in  some  other  institutions,  to  prepare  special  sheets  showing  the 
structure  by  suitable  sections.  Experience  in  different  states  and 
countries  has  shown  also  that  economic  resources  can  not  clearly  be 
indicated  on  geologic  maps  without  overloading  the  sheets  and  thus 
obscuring  either  the  geology  or  the  economy ;  and  accordingly  it  has 
been  found  expedient  to  prepare  special  sheets  showing  economic 
resources,  industrial  establishments,  etc.,  by  suitable  conventions. 
It  has  been  found  in  practice  also  that  in  many  cases  the  superficial 
deposits  can  not  be  indicated  on  the  maps  showing  the  distribution 
of  the  sub-surface  rocks  without  confusion,  and  accordingly  provi- 
sion has  been  made  for  the  issue  of  separate  maps  representing  such 
deposits.  In  short,  experience  in  the  Geological  Survey  and  in 
other  institutions  of  related  purpose  has  led  to  the  adoption  by  the 
Federal  bureau  of  a  system  of  publishing  atlas-sheets  in  several  dif- 
ferent forms,  the  several  forms,  together  with  the  necessary  explana- 
tory text,  being  combined  in  atlas-folios;  and  the  engraving  and 
printing  of  atlas-folios,  each  representing  a  section  of  the  great 
geologic  map  of  the  United  States,  has  been  commenced,  and  legal 
provision  for  publishing  them  will  doubtless  be  made  at  an  early 
day. 

Commonly  each  atlas-folio  includes  (1)  an  elementary  explanation 
of  the  geologic  map  of  the  United  States;  (2)  a  summary  descrip- 
tion of  the  natural  geologic  province  including  the  area  mapped  in 
detail;  (3)  a  special  description  of  the  area  mapped;  (4)  a  topo- 
graphic sheet  without  geologic  colors,  showing  the  hydrography, 
hypsography  and   culture  respectively  in   blue,  brown  and  black  ; 
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(5)  the  geologic  sheet  showing  the  rocks  of  the  tract  colored  by  for- 
mations and  systems,  this  being  the  most  important  sheet  of  the 
series  and  the  nucleus  about  which  the  others  are  grouped  ;  (6)  a 
sheet  of*  structure-sections  let  into  a  copy  of  the  geologic  map  colored 
by  systems  only  ;  (7)  an  economic  sheet  showing  the  formations  of 
economic  importance,  mines,  quarries,  industrial  establishments,  etc., 
this  sheet  being  commonly  colored  by  formations  with  the  system- 
distinctions  omitted ;  (8)  in  coal-regions  and  in  certain  other  cases, 
a  sheet  of  columnar  sections,  showing  the  structure  in  detail;  (9)  in 
certain  cases,  a  sheet  showing  the  superficial  de|)osits  ;  and  (10) 
whenever  necessary,  special  illustration  of  the  tract  represented  in 
the  atlas- folio.  This  arrangement  is  of  course  modified  to  meet  the 
requirements  of  particular  cases.  Thus,  in  those  areas  in  which  the 
superficial  materials  are  derived  from  the  underlying  rocks  and  are 
void  of  important  mineral  resources,  the  sheet  representing  superfi- 
cial deposits  is  omitted  ;  when  the  underlying  formations  are  so 
deeply  buried  beneath  superficial  deposits  as  to  be  beyond  the  reach 
of  detailed  survey  and  without  economic  importance,  the  geologic 
sheet  is  replaced  by  that  showing  superficial  deposits,  and  if  these 
contain  important  economic  resojirces  they  are  shown  on  an  economic 
sheet;  and  the  sheets  giving  columnar  sections  and  special  illustra- 
tions are  used  only  when  necessary. 

Progress  of  the  Mapping. 

One  hundred  folios  representing  surveys  of  the  sub-surface  for- 
mations with  the  attendant  mineral  resources  and  industrial  works 
are  substantially  completed,  and  the  engraving  of  about  a  dozen  of 
these  is  practically  done  ;  in  addition, sixty  atlas-folios,  representing 
superficial  deposits,  with  their  resources,  have  been  made  ready  for 
the  engraver.  These  final  surveys  cover  an  aggregate  area  of  about 
120,000  square  miles  or  6  per  cent,  of  the  total  area  of  the  national 
domain,  exclusive  of  Alaska ;  and  they  are  distributed  among  twenty- 
eight  States  and  Territories. 

It  is  difficult  at  this  stage  of  the  work  to  estimate  the  cost  in  time 
and  money  of  the  surveys  and  examinations  conducted  by  the 
Federal  bureau,  since  the  greater  part  of  the  energies  of  the  bureau 
have  hitherto  been  expended  in  researches  required  for  the  develop- 
ment of  topographic  methods,  a  philosophic  classification  of  rocks 
and  formations,  and  a  system  of  map-conventions;  but  reckoned 
on  the  basis  of  aggregate  appropriations  and  the  aggregate  area  sur- 
veyed to  date,  with  moderate  allowance  for  preliminary  reeonnais- 
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sance,  the  total  cost  of  the  work  for  topographic  surveys  is  about  $4 
and  for  geologic  surveys  $7  or  $8  per  square  mile.  This  figure  in- 
cludes engraving.  In  certain  representative  provinces  in  which  the 
work  has  progressed  so  far  as  to  yield  considerable  results  in  areal 
work,  it  has  been  found  that  the  geologic  surveys  proper,  including 
revision  and  office-work,  can  be  executed  at  a  cost  ranging  from  §2 
to  $3  per  square  mile. 

Most  of  the  topographic  atlas-sheets,  together  with  the  geologic 
sheets  embraced  in  the  atlas-folios,  are  engraved  in  the  office  of  the 
Geological  Survey.  The  work  of  engraving  and  the  conventions 
employed  have  been  so  far  systematized  that  the  cost  of  publication 
is  reduced  to  a  minimum.  The  average  cost  of  the  atlas-folios,  in- 
cluding the  printing  of  covers,  text,  etc.,  and  the  printing  of  from 
four  to  ten  map-sheets,  frequently  in  a  dozen  or  score  of  impressions, 
seldom  exceeds  twenty-five  cents  each  ;  and  it  is  probable  that  legal 
authority  will  shortly  be  given  for  the  sale  of  the  atlas-folios  at  the 
uniform  price  of  twenty-five  cents. 
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MANGANESE  AND  ALLOTS  OF  MANGANESE 

FREE  FROM  CARBON. 

BY  F.    LYNWOOD   GARRISON,   PHILADELPHIA,    PA. 

(Montreal  Meeting,  February,  1S93.) 

There  is  probably  no  subject  for  study  in  the  metallurgy  of  iron 
and  steel  of  greater  interest  than  the  effect  of  manganese  upon  the 
properties  of  iron.  Some  of  the  peculiarities  of  iron  and  steel  con- 
taining appreciable  quantities  of  manganese  were  observed  many 
years  ago  by  Heath,  Robert  Mushet,  and  others  ;  but  it  was  not 
until  the  introduction  of  the  Bessemer  process,  when  a  demand  was 
created  for  large  quantities  of  iron-manganese  alloys,  that  such  com- 
pounds of  iron  and  manganese  became  articles  of  commerce.  Since 
that  time  the  demand  for  these  alloys  has  steadily  increased,  the  use 
of  ferro-manganese  not  only  becoming  an  absolute  necessity  in  the 
ordinary  Bessemer  practice,  but  also  essential  to  the  manufacture  of 
open-hearth,  crucible  steel  and  steel  castings;  in  fact  it  is  the  only 
source  of  supply  for  all  the  manganese  used  in  metallurgical  opera- 
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tions,  since  it  is  not  only  used  in  the  production  of  the  steels  men- 
tioned, but  is  the  basis  of  the  special  steel  which  bears  its  name  and 
the  vital  ingredient  of  manganese-copper  and  manganese- bronze 
alloys. 

Heretofore  the  great  objection  to  the  use  of  ferro-manganese  in 
the  manufacture  of  steel  has  been  its  invariable  association  with  con- 
siderable quantities  of  carbon.  Manganese  has  a  very  strong  affinity 
for  carbon ;  and  when  it  is  derived  from  its  ores  by  the  usual  methods 
of  reduction,  carbon  in  a  greater  or  less  amount  will  invariably  be 
present  in  the  resulting  metal.  When  therefore  ferro-manganese  is 
added  to  a  low-carbon  steel  to  produce  manganese-steel  it  usually  car- 
ries with  it  all  its  carbon,  which  will  undoubtedly  tend  to  increase 
the  hardness  of  the  steel,  whatever  may  be  the  action  of  the  manganese 
itself.  It  would  therefore  seem  that  the  intense  hardness  which  is 
commonly  considered  a  characteristic  of  manganese-steel,  is  due,  in 
part  at  least,  to  the  additional  carbon  introduced  with  the  manga- 
nese. In  adding  ferro-manganese  to  a  low-carbon  steel  some  of  the 
manganese  is  consumed  in  oxidizing  the  impurities  of  the  steel, 
which  impurities  will,  together  with  the  slag,  form  manganese  sili- 
cates; and  thus  a  certain  proportion  of  every  unit  of  manganese  added 
will  disappear  in  this  manner.  There  is  no  reason  to  believe,  how- 
ever, that  the  carbon  added  with  the  ferro-manganese  will  be  oxi- 
dized ;  on  the  contrary  it  is  probable  that  all  or  nearly  all  of  it  will 
be  united  with  the  steel  as  "  combined  "  carbon. 

To  be  able  to  produce  commercially  a  ferro-manganese  free  from 
carbon  would  therefore  seem  to  be  a  most  desirable  result,  as  it 
would  then  be  possible  to  add  such  ferro-manganese  to  the  steel,  in 
order  to  obtain  the  undoubted  beneficial  effect  of  its  manganese, 
without  at  the  same  time  increasing  the  carbon  content  of  the  steel. 
In  such  a  case  it  is  necessary  to  assume  that  manganese  per  se,  like 
chromium,  does  not  harden  steel  to  any  great  extent.  Whether  this 
is  the  case  or  not  I  cannot  state,  because  so  far  as  I  am  aware,  the 
fact  has  never  been  demonstrated. 

The  interesting  problem  of  producing  on  a  commercial  scale  not 
only  a  ferro-manganese  alloy  free  from  carbon,  but  a  material 
which  for  practical  purposes  may  be  considered  pure  metallic  man- 
ganese has,  I  believe,  been  recently  solved  by  the  two  American 
chemists  whose  names  this  process  bears.  The  object  of  this  paper 
is  to  describe  this  process;  and  while  I  will  not  offer  any  opinions  as 
to  its  economic  value,  I  will  give  some  figures  which  I  trust  may  be 
of  interest. 
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The  commercial  alloys  of  manganese,  iron,  and  carbon  known  as 
spiegeleipen  and  ferro-manganese  have  been  extensively  used  in  the 
manufacture  of  steel  for  the  past  twenty  years.  The  term  spiegel- 
eisen  is  commonly  understood  to  comprise  those  alloys  which  con- 
tain up  to  30  per  cent.,  and  ferro-manganese  those  containing  from 
30  to  87  per  cent,  manganese  ;  the  carbon  in  all  these  alloys  vary- 
ing from  4  to  7  per  cent.,  being  as  a  rule  highest  when  the  manganese 
is  highest.* 

Pourcelf  considers  that  the  distinction  between  spiegeleisen  and 
ferro-manganese  is  very  indefinite,  and  that  arbitrary  divisions  are 
not  only  erroneous  but  unnecessary,  as  there  is  one  distinguishing 
physical  difference  between  spiegeleisen  and  ferro-manganese  which 
forms  a  sharp  line  of  demarcation  between  the  two.  This  is  the 
fact,  that  the  property  possessed  by  ordinary  pig-iron  of  being  at- 
tracted by  the  magnet,  decreases  as  the  percentage  of  manganese  in- 
creases, until  the  magnet  is  without  influence  upon  powdered  pig- 
iron  containing  from  24  to  25  per  cent,  of  manganese.  All  above  this 
point  he  states  should  be  considered  ferro-manganese,  and  all  below 
spiegeleisen. 

As  its  name  indicates,  spiegeleisen  is  of  German  origin  and  was 
formerly  produced  in  Germany  and  Hungary  by  smelting  manga- 
niferous  iron-ores  in  blast-furnaces  with  charcoal  as  fuel.  The 
metal  thus  produced  contained  from  10  to  12  per  cent,  of  manganese, 
which  gave  to  it  the  singular  appearance  whence  its  name  was  de- 
rived. This  material  had  a  special  value  owing  to  its  purity,  as  it 
was  entirely  free  from  sulphur  and  phosphorus.^  About  the  year 
1860  coke  first  began  to  replace  charcoal  as  fuel  in  the  manufacture 
of  spiegeleisen  and  ferro-manganese,  and  since  then  has  been  used 
almost  entirely  for  the  purpose  both  in  Europe  and  America.  In 
smelting  manganiferous  iron-ores  in  the  blast-furnace  for  the  pro- 
duction of  spiegeleisen  the  more  basic  the  charges  the  larger  the  yield 
of  manganese  in  the  product. §  When  the  manufacture  of  spiegel- 
eisen in  the  blast-furnace  was  in  its  early  stages,  the  amount  of  man- 
ganese obtained  in  the  metal  produced  was  comparatively  small ;  but 
as  the  peculiarities  of  its  manufacture   became  better  known,  and 

*  Hadfield  on  Manganese  Steel,  Proc.  Inst.  Civil  Eng.,  vol.  xciii.,  1887-88,  part 
3,  p.  4. 

f  Gr^raie  Civil,  vol.  vii.,  pp.  3-5,  21-23,  50-52 ;  Joiir.  Iron  and  Steel  Inst.,  No.  1, 
1885,  p.  251. 

X  "  Manufacture  of  Spiegeleisen,"  by  Hugh  Hartmann,  Indiana  (State)  Geologi- 
cal Survey  Reports,  1872,  p.  453.  §   Trmis.,  iv  ,  p.  216. 
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when  charcoal  fuel  was  replaced  by  coke,  the  yield  of  manganese 
became  larger,  increasing  gradually  from  about  8  to  10  per  cent,  up 
to  30  or  35  per  cent,  manganese ;  and  at  this  stage  the  old  German 
term  spiegeleisen  was  dropped  for  the  more  appropriate  one  of  ferro- 
mauganese. 

The  manufacture  of  ferro-manganese  seems  to  have  originated  (in 
England  at  least)  shortly  after  the  introduction  of  the  Bessemer  pro- 
cess, although  a  so-called  carburet  of  manganese,  patented  by  Heath 
in  1839,  was  used  in  the  manufacture  of  cast-steel  many  years  before 
the  suggestion  of  adding  manganiferous  alloys  in  the  Bessemer  pro- 
cess was  made. 

The  first  ferro-manganese  appears  to  have  been  made  by  Mr. 
Henderson,  chemist  of  the  St.  RoUox  Works,  Glasgow.  His  pro- 
cess consisted  of  mixing  carbonate  of  manganese  (which  was  obtained 
in  soda-works  as  one  of  the  by-products  in  the  manufacture  of  bleach- 
ing powder)  with  a  nearly  equal  amount  of  pure  calcined  iron-ore 
and  powdered  charcoal  or  coke.*  Tliis  mixture  was  charged  into  a 
Siemens  open-hearth  furnace,  the  bottom  of  which  was  constructed 
of  carbon  bricks  made  by  compressing  a  mixture  of  powdered  coke 
and  tar.  The  reduction  of  both  metals,  iron  and  manganese,  took 
place  simultaneously  and  the  percentage  of  manganese  increased 
with  the  temperature,  but  not  with  the  quantity  of  manganese  in 
the  charge.f  The  cost  of  ferro-manganese  made  in  this  way  or  in 
crucibles  was  obviously  prohibitory ;  and  it  was  consequently  soon 
replaced  bv  the  cheaper  blast-furnace  methods. 

According  to  Pourcel,];  Dr.  Prieger,  of  Bonn,  was  the  discoverer 
of  ferro-manganese,  which  he  made  in  crucibles  from  a  mixture  of 
about  five  parts  ore  (pyrolusite),  one  of  charcoal,  and  one-half  part 
of  spiegeleisen,  which  contained  from  9  to  10  per  cent,  manga- 
nese. 

The  first  successful  attempts  in  producing  the  high  grades  of  ferro- 
manganese  were  made  by  the  Terre-Noire  Steel  Company,  in  France, 
and  subsequently  at  Reschitza,  in  Hungary. §  This  success  was  only 
made  possible  with  the  introduction  of  hot  blast-stoves,  and  the 
consequent  possibility  of  attaining  higher  temperatures  in  the  blast- 
furnace. 

About  the  year  1770,  Kaim,  of  Vienna,  stated  that  a  peculiar 

*  Iron  and  Sted  Manufacture,  by  Ferdinand  Kohn,  p.  109. 

t  Jour.  Iron  and  Steel  Inst.,  No.  1,  1876,  p.  59. 

X  Jour.  Iron  and  Sted  Inst.,  No.  1, 1885,  p.  252. 

^  Trans.,  iv.,  217. 
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metal  could  be  extracted  from  the  mineral  black  oxide  of  manga- 
nese (pyrolusite,  Mn02).* 

In  1774,  Seheele  and  Bergman  demonstrated  that  the  metallic 
radical  of  manganese  dioxide  is  different  from  iron,  and  since  that 
time  various  methods  have  been  employed  for  the  preparation  of  the 
metal. 

Some  years  later  (1807),  Johnf  heated  a  mixture  of  finely  di- 
vided oxide  of  manganese  (obtained  by  the  calcination  of  the  carbo- 
nate in  a  covered  crucible)  with  carbon  and  oil  4n  a  crucible  lined 
with  charcoal.  The  crucible  was  first  heated  to  redness  for  half  an 
hour  to  solidify  the  mass,  after  which  the  cover  was  carefully  luted 
down,  and  the  whole  exposed  in  a  wind  furnace  for  an  hour  and  a 
half  to  the  highest  temperature  which  the  crucible  could  support 
without  fusing.  The  regulns  thus  prepared  contained  carbon,  and 
also  silicon,  derived  from  ihe  ashes  of  the  wood  charcoal.  By 
igniting  the  metal  a  second  time  in  a  charcoal-lined  crucible  with 
some  borax,  it  was  obtained  by  John  in  a  more  fusible  and  brilliant 
state,  and,  he  states,  was  so  free  from  carbon  that  it  left  no  black 
residue  when  treated  with  acid. 

Deville|  reduced  a  mixture  of  red  manganese  oxide,  MugO^,  pre- 
pared by  heating  the  dioxide  with  sugar-charcoal  insufficient  in 
quantity  for  complete  reduction.  His  mixture  was  placed  in  a 
doubly-lined  crucible  and  heated  to  whiteness.  The  regulus  obtained 
was  coated  with  a  violet  crystalline  mass,  which  appeared  to  be  cal- 
cium-manganese spinel  (CaO,Mn203). 

Jordan§  describes  a  method  for  preparing  metallic  manganese  on 
the  large  scale  by  treating  manganese-ores  in  a  blast  furnace.  The 
metal  obtained  is  cast-manganese,  containing  85  per  cent,  of  manga- 
nese, 6  per  cent,  of  carbon,  8  per  cent,  of  iron,  and  traces  of  silicon, 
sulphur  and  phosphorus. 

Troost  and  Hautefeuille||  prepared  metallic  manganese  more  or 
less  carburetted  by  reducing  the  red  oxide  Mn304  with  charcoal  in  a 
lime  crucible.  They  found  that  when  these  carburets  were  treated 
with  bichloride  of  mercury  (HgCU),  they  disengaged  variable  quan- 
tities of  heat,  according  to  the  amount  of  carbon  they  contained. 

*  Hadfield  on  Manganese  Steel,  Proc.  Inst.  Civil  Eng.,  vol.  xoiii.,  1887-88,  part 
3,  p.  59. 

t  Gehlen's  Journ.  Cliem.  Phys.,  vol.  iii.,  p.  452.  Roscoe  and  Schorleramer, 
Treatise  on  Chemistry,  vol.  ii.,  part  2,  p.  3. 

t  Ann.  Chem.  Phys.  (3),  xlvi.,  p.  182. 

§   Comptes  Rendus,  Ixxxvi.,  p.  1374. 

II  Metallurgical  Review,  vol.  i.,  p.  177. 
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The  first  attempt  to  produce  metallic  manganese  in  considerable 
quantities  appears  to  have  been  made  by  Hugo  Tamm,*  who,  in 
1872,  published  the  results  of  experiments  made  with  a  process  sim- 
ilar to  that  of  John. 

Native  dioxide  of  manganese  (pyrolusite)  was  heated  with  pow- 
dered charcoal  or  lampblack  and  oil  in  the  presence  of  a  powdered 
siliceous  and  fluorspar  flux.  The  manganese  thus  obtained  by  the 
reduction  of  the  oxide  by  the  charcoal  or  lampblack  was  found  to 
contain  an  appreciate  amount  of  carbon.  Attempts  were  made  to 
remove  this  carbon  by  fusing  the  metal  under  a  layer  of  manganese 
carbonate.  Tamm  claims  to  have  obtained  from  a  pyrolusite  con- 
taining 50.5  per  cent,  of  manganese  and  3.5  per  cent,  of  iron,  a  metal 
having  the  following  composition:  Manganese,  96.90;  iron,  1.05; 
carbon,  0.95;  other  elements,  0.10.  By  refining  this  metal  with 
manganese  carbonate,  he  claims  to  havorobtained  a  product  possess- 
ing the  following  composition  :  Manganese,  99.91 ;  carbon,  0.025  ; 
silicon,  0.015  ;  iron,  0.05. 

These  data  of  Tamm's  appear  to  contradict  the  experience  of  both 
earlier  and  later  investigators.  Thus,  for  example,  it  is  difficult  to 
understand  how  a  manganese  ore  containing  3.5  per  cent,  of  iron 
can,  by  simple  reduction  with  carbon,  be  made  to  yield  a  metal  con- 
taining only  1.5  per  cent,  of  iron,  since  the  iron  is  evidently  more 
reducible  than  the  manganese,  and  one  would  naturally  expect  that 
all  the  iron  would  appear  in  the  resulting  metal.  Thus,  3.5  per 
cent,  of  iron  in  the  ore  (pyrolusite)  should  yield  about  5.5  per  cent, 
in  the  resulting:  manofanese. 

Although  investigators,  both  before  and  after  Tamm,  have  re- 
peatedly endeavored  to  obtain  manganese  low  in  carbon  by  methods 
similar  to  his,  viz.,  reduction  by  carbon  and  the  subsequent  refining 
of  the  metal  by  fusion  with  manganese  oxides,  their  results  have 
invariably  been  unsatisfactory. 

Messrs.  Greene  and  Wahl  state  that  their  first  experiments  were 
made  with  the  view  of  testing  the  correctness  of  Tamm's  assertions, 
since  the  method  which  he  described  would  present  the  simplest 
solution  of  the  problem  of  producing  substantially  carbon-free 
manganese.  Although  they  made  numerous  and  careful  experi- 
ments, they  were  not  able  to  decarbonize  the  metal  in  this  way  to  any 
appreciable  extent. 

In  1875,  R.  W.  Raymondf  described  experiments  made  with  the 

*  Chemical  News,  vol.  xxvi.,  1872,  p.  111.  Roscoe  and  Schorlemmer,  Treatise  on 
Chemistry,  vol.  ii.,  part  2,  pp.  3  and  4.  f  Trans.,  vol.  iii.,  p.  422. 
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view  of  reducing  the  amount  of  carbon  and  phosphorus  contained 
in  commercial  German  spiegeleisen.  Fragments  of  this  material, 
about  3  inches  in  diameter,  were  packed  with  rolling-mill  scale  in 
an  iron  box  of  about  one  cubic  foot  capacity,  and  this  box  placed  on 
the  back  part  of  the  hearth  of  a  Siemen's  heating  furnace.  In  this 
position  the  box  was  exposed  continuously  to  a  "cherry-red"  tem- 
perature for  three  weeks,  after  which  it  was  removed  and  the  con- 
tents examined. 

The  interior  of  the  pieces  of  spiegeleisen  was  apparently  unchanged 
by  this  treatment,  but  the  outside,  to  a  depth  of  about  one-eighth 
of  an  inch,  was  altered  in  texture  and  appearance  ;  the  exterior 
layer  being  no  longer  brittle*  but  exceedingly  tough,  whilst  the 
inside  maintained  its  characteristic  brittle  hardness.  It  was  found 
by  analysis  that  the  material  had  experienced  a  marked  chemical 
change  as  regards  the  carbon,  which  in  the  untreaied  spiegeleisen 
was  3  016  and  in  the  treated  0.499,  a  difference  of  2.517  per  cent. 
The  manganese  and  phosphorus  were  but  slightly  affected.  Dr. 
Raymond  suggested  the  use  of  this  method  upon  spiegeleisen  con- 
taining 24  per  cent,  and  upwards  of  mangane-se—  in  other  words, 
upon  ferro-manganese.  According  to  Davenport,*  certain  iron-cast- 
ings, when  subjected  to  repeated  and  prolonged  annealings,  exhibited 
a  similar  decrease  in  the  content  of  carbon  ;  the  silicon,  manganese 
and  phosphorus  being  very  slightly  if  in  any  way  affected  by  the 
annealing  process. 

Attempts  have  been  made  by  Sergius  Kern,  of  St.  Petersburg,  to 
decarbonize  rich  ferro-manganese  by  casting  it,  as  it  came  from  the 
blast-furnace,  into  thin  flat  pigs,  these  pigs  being  subsequently  heated 
in  cast-iron  boxes  filled  with  a  mixture  of  three  parts  of  powdered 
hematite  and  one  part  of  powdered  lime.f 

Brunner|  propo.sed  to  prepare  the  metal  by  igniting  a  mixture  of 
fluorspar  and  chloride  of  manganese  with  metallic  sodium  in  a  clay 
crucible.  He  states  that  the  resulting  manganese  was  not  affected 
by  the  atmosphere  like  that  reduced  by  carbon.  It  fused  at  about 
the  melting-point  of  cast-iron.  The  amount  of  silicon  it  contained 
ranged  from  0.6  to  6.4  per  cent. 

Giles§  prepared  a  manganese  amalgam  by  the  action  of  sodium 
amalgam   on   a  concentrated  solution   of  manganese  chloride,  and 

*  Trans.,  vol.  iii.,  p.  424. 

t  Chemical  News,  vol.  lix.,  p.  7  5.     Jour.  Iron  and  Steel  Inst.,  No.  1,  1889,  p.  354. 

X  Pogg.  Annulen,  ci.,  p.  264. 

I  Philosophical  Magazine  (4),  24,  p.  328. 
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heated  this  amalgam  in  a  current  of  hydrogen,  thereby  obtaining 
pulverulent  manganese. 

Bullock*  obtained  metallic  manganese  by  fusing  pare  powdered 
chloride  of  manganese  with  an  equal  weight  of  powdered  fluorspar 
in  a  French  clay  crucible.  This  mixture,  divided  into  portions  of 
one  ounce,  was  introduced  into  the  crucible,  previously  heated  to 
redness.  Eighty  grains  of  sodium,  cut  into  small  pieces  and  freed 
from  naphtha,  being  added  to  each  portion,  the  crucible  was  covered 
and  reaction  allowed  to  take  place  before  adding  another  charge. 
After  six  ounces  of  the  mixture  had  been  added,  the  contents  of  the 
crucible  were  covered  with  fused  chloride  of  sodium  in  powder,  the 
cover  replaced,  and  the  heat  carried  to  quiet  fusion.  After  the  flux 
became  entirely  fluid,  the  heat  was  continued  for  ten  minutes.  The 
crucible  was  then  removed  from  the  fire,  and,  after  cooling,  the  metal 
was  found  as  a  button  at  the  bottom. 

The  yield  of  manganese,  under  favorable  circumstances,  was  about 
20  per  cent,  of  the  chloride  used. 

Reduction  was  also  tried  by  using  fused  chloride  of  sodium  with- 
out fluorspar.  The  yield  of  metal  was  much  less,  and  differed  in 
some  of  its  properties,  from  that  obtained  with  the  use  of  fluorspar. 
Manganate  of  soda  was  formed  when  sodium  chloride  alone  was  used 
as  a  flux. 

Manganese  thus  obtained  is  very  brittle,  with  a  steel-white  frac- 
ture so  hard  that  a  file  will  scarcely  touch  it;  the  edges  of  the  frac- 
tures scratch,  and  almost  cut,  glass. 

The  metal  retains  the  brightness  of  a  fractured  surface  after  pro- 
longed exposure  to  the  air,  and  appears  not  more  disposed  to  oxida- 
tion than  iron.     It  is  entirely  passive  to  magnetic  attraction. 

The  specific  gravity  of  the  metal  obtained  when  fluorspar  was 
used  was  7.072 ;  when  remelted  under  fused  sodium  chloride,  the 
specific  gravity  rose  to  7.153. 

The  metal  obtained  without  the  use  of  fluorspar  was  less  brittle, 
and  had  a  different  fracture;  its  specific  gravity  was  7.231. 

An  examination  of  the  metal  obtained,  using  fluorspar  as  a  flux, 
showed  the  absence  of  iron  and  the  presence  of  calcium.  This  may 
account  in  a  measure  for  tiie  increased  specific  gravity  on  remelting 
under  sodium  chloride,  as  also  the  greater  specific  gravity  of  the 
metal  when  the  fluorspar  was  not  used.     As  calcium  has  a  specific 

*  Journal  of  the  Franklin  hstthite,  vol.  cxxviii.,  1S89,  p.  62. 
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gravity  of  1.57,  a  small  amount  alloyed  with  the  manganese  would 
sensibly  aflPect  its  gravity.* 

Glatzeljt  of  Breslau,  describes  the  following  process  by  which  he 
claims  to  have  prepared  metallic  manganese  in  a  few  minutes,  in 
tolerably  large  quantities,  and  almost  perfectly  pure.  A  quantity 
of  manganous  chloride  is  first  dehydrated  by  ignition  in  a  porcelain 
dish,  and  the  pulverized  anhydrous  salt  afterwards  intimately  mixed 
with  twice  its  weight  of  well-dried  potassium  chloride.  The  mixture 
is  then  closely  packed  into  a  Hessian  crucible  and  fused  in  a  furnace 
at  the  lowest  possible  temperature  not  sufficient  to  volatilize  either 
of  the  chlorides.  A  quantity  of  metallic  magnesium  is  then  intro- 
duced in  small  quantities  at  a  time,  the  total  quantity  necessary  being 
about  a  sixth  of  the  weight  of  the  manganous  chloride  employed. 
Provided  that  the  crucible  has  not  yet  been  heated  too  much  above 
the  melting-point  of  the  mixture  of  chlorides,  the  action  is  regular, 
the  magnesium  dissolving  with  merely  a  slight  hissing.  If,  however, 
the  mixture  has  been  heated  until  vapors  begin  to  make  their  ap- 
pearance, the  reaction  is  extremely  violent.  It  is  therefore  best  to 
allow  the  contents  of  the  crucible,  after  fusion,  to  cool  down  to  a  low 
red  heat,  when  the  introduction  of  the  magnesium  is  perfectly  safe. 
"When  all  action  has  ceased,  the  contents  of  the  crucible  are  again 
heated  strongly  and  afterwards  allowed  to  cool  until  the  furnace  has 
become  quite  cold.  On  breaking  the  crucible,  all  the  potassium 
chloride  and  the  excess  of  manganous  chloride  are  found  to  have  been 
volatilized,  leaving  a  regulus  of  metallic  manganese  fused  together  into 
a  solid  block,  about  three  parts  per  weight  being  obtained  for  every  two 
parts  of  magnesium  added.  The  metal,  as  thus  obtained,  is  readily 
broken  into  fragments  of  a  whitish-gray  color,  possessing  a  bright  me- 
tallic lustre.  The  lustre  may  be  preserved  for  mouths  when  the  metal 
is  kept  in  stoppered  glass  vessels,  but  when  exposed  to  moist  air  the 
fresh  surface  becomes  rapidly  brown.  The  metal  is  so  hard  that 
the  best  files  are  incapable  of  making  any  impression  upon  it.  It  is 
so  feebly  magnetic  that  a  powerful  horseshoe-raagnet,  capable  of  lift- 
ing a  kilogramme  of  iron,  has  no  appreciable  effect  upon  the  smallest 
fragment.  It  was  noticed  that  the  introduction  of  a  small  quantity 
of  silicon  rendered  the  manganese  still  more  brittle  and  caused  it  to 
present  a  conchoidal  fracture,  that  of  pure  manganese  being  uneven. 

*  As  this  metal  was  made  in  clay  crucibles,  it  must  have  contained  some  silicon 
from  the  silica  in  the  c!av. — F.  L.  G. 

t  Berliner  Berickte,  1889,  No.  2,  p.  2857.  Eng.  and  Mining  Jour.,  Aug.  9,  1890, 
p.  172. 
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The  specific  gravity  of  the  metal  was  found  to  be  7.39  at  22°  C 
This  figure,  which  was  obtained  with  a  very  pure  preparation,  is 
about  the  mean  of  the  previous  determinations,  which  were  quite 
variable.  Dilute  mineral  acids  readily  dissolve  the  pulverized 
metal,  leaving  a  mere  trace  of  insoluble  impurity.  Practically  no 
magnesium  is  retained  alloyed  with  the  manganese;  and  the  intro- 
duction of  carbon  is  altogether  avoided  by  the  use  of  this  method.* 

Bunsenf  succeeded  in  obtaining  metallic  manganese  by  electroly- 
sis of  a  concentrated  solution  of  the  chloride,  using  a  very  strong 
current  and  a  negative  electrode  of  very  small  area. 

Michel|  obtained  an  alloy  of  aluminum  and  manganese  by  fusing 
together  2  parts  of  anhydrous  manganous  chloride,  6  of  potassium 
and  sodium  chlorides,  and  3  of  aluminum  ;  the  resulting  regulus 
was  treated  with  hydrochloric  acid  or  caustic  soda,  leaving  a  residual 
alloy  in  the  form  of  a  dark-gray  crystalline  powder,  which  was  un- 
affected by  cold  concentrated  sulphuric  acid,  but  dissolved  when 
heated.  This  powder  showed  on  analysis  a  composition  correspond- 
ing to  the  formula  MnAlj,  which  would  represent  the  proportions  of 
about  40  per  cent,  of  manganese  and  60  per  cent,  of  aluminum ;  its 
specific  gravity  is  3.4. 

Michel  states  that  dilute  caustic  soda  dissolved  out  the  aluminum 
in  this  compound,  leaving  a  residue  of  manganese. 

By  fusing  certain  metallic  oxides  with  mixtures  of  alkaline  fluor- 
ides and  chlorides  and  aluminum,  Wohler,§  Levy,|)  and  Michel^ 
succeeded  in  obtaining  alloys  of  these  metals.  Thus  they  have  ob- 
tained alloys  of  aluminum  with  tungsten,  titanium,  and  manganese. 
A  process  which  belongs  in  this  category  has  lately  been  proposed 
and  patented  by  J.  W.  Langley.**  By  this  method  alloys  of  alumi- 
num with  more  electro-negative  metals  are  formed  by  dissolving  the 
oxides  of  such  metals  in  a  molten  fluoride  bath  and  adding  thereto 
molten  aluminum.  In  this  way  Langley  prepared  alloys  of  alumi- 
num with  titanium  and  chromium,  and  doubtless  alloys  of  aluminum 
with  manganese  could  be  formed  in  the  same  manner. 

It  does  not  appear,  however,  that  any  of  these  investigators  made 

*  This  metal  must  liave  contained  silicon  which  was  re(1uced  from  the  silica  of 
the  crucible.     No  analysis  is  given  in  the  Berichte. — F.  L.  G. 

t  Pogg.  Annalen.,  xci.,  p.  619. 

X  Ann.  der  C/iem.  und  Phai-ra.,  115,  p.  104.  Metallurgy  of  Aluminum,  Eichards,  p. 
401. 

§  Liebeg's  Annalen,  113,  p.  248.  ||   Compfes  JRendus,  106,  p.  66. 

T[  Loc.  cit.  **  U.  S.  Patent,  No.  451,404,  April  28,  1891. 
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the  attempt  to  produce  pure  metals  by  the  general  method  which 
they  all  follow,  their  purpose  being  specifically  defined  to  be  the 
production  of  aluminum  alloys  and  for  determining  the  supposed 
beneficial  effect  of  these  metals  upon  aluminum. 

These  processes,  though  bearing  only  remotely  upon  the  subject  of 
this  paper,  are  yet  of  interest  in  the  elaboration  of  the  historical  side 
of  the  subject. 

It  is  evident  from  this  brief  sketch  of  the  history  of  the  various 
attempts  to  produce  metallic  manganese,  that  the  great  majority  of 
the  methods  devised  may  be  divided  into  two  groups.  In  one  an 
oxide  of  the  metal  (either  in  the  form  of  the  sesquioxide  or  the  di- 
oxide), or  a  carbonate,  is  intimately  incorporated  with  finely-divided 
carbon  and  subjected  to  an  intense  heat  in  crucibles,  whereby  the 
reduction  is  effected.  In  the  second  group  may  be  placed  those  pro- 
cesses in  which  the  chloride  or  fluoride  of  manganese  is  reduced  by 
subjecting  it,  under  various  conditions,  to  the  action  of  sodium. 

By  the  second  group  of  methods  manganese  may  be  obtained  ap- 
proximately pure,  but  they  have  proved  far  too  costly  to  be  used 
commercially.  The  electrolytic  method  of  reduction  from  fused  salts 
has  been  experimentally  attempted  on  a  small  scale,  but  the  impos- 
sibility of  using  a  carbonaceous  anode  in  this  operation,  because  of 
the  certainty  of  forming  a  carburet  of  manganese,  is  one  of  the  sev- 
eral difficulties  which  the  electro-metallurgist  has  not  been  able  to 
overcome. 

Alloys  of  copper  containing  varying  proportions  of  manganese 
have  been  made  successfully  on  a  commercial  scale  by  the  electric- 
furnace  method,  but  the  necessity  of  using  electrodes  of  carbon  in 
this  method  renders  the  production  of  the  pure  metal  impossible. 

There  is  a  great  want  of  uniformity  in  the  descriptions  of  the 
physical  properties  of  manganese  which  are  to  be  found  in  chemical 
and  metallurgical  literature.  This  was  due  to  the  fact  that  in 
nearly  all  cases  the  metal  described  was  more  or  less  contaminated 
with  carbon,  silicon  or  iron.  Roscoe  and  Schorlemmer*  state  that 
pure  manganese  obtained  by  the  reduction  {sic)  processf  is  a  gray  or 
reddish-white  metal,  having  the  color  and  appearance  of  cast-iron. 
"  It  is  very  hard  and  brittle,  has  a  specific  gravity  of  about  8.0,  and 
oxidizes  so  easily  in  the  air  that  it  must  be  kept  under  rock-oil  or  in 
well-sealed  vessels.    Cast-manganese  containing  iron  is  however  un- 

*  Treatise  on  Chemistry,  vol.  ii.,  part  2,  p.  5. 

t  Reduction  by  carbon  is  evidently  meant. — F.  L.  G. 

VOL.  XXI.— 57 
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alterable  in  the  air.  Manganese  is  extremely  soluble  in  all  flihite 
acids,  and  decomposes  in  warm  water  with  evolution  of  hydrogen. 
It  melts  at  a  white  heat." 

Deville  states  that  the  manganese  he  made  had  a  reddish  hue  like 
bismuth,  a  specific  gravity  of  about  8,  was  hard  and  brittle,  and 
about  as  difficult  to  fuse  as  wrought-iron.  It  readily  tarnishes  in 
air  and  is  attacked  by  water  and  dilute  acids.  Manganese,  ac- 
cording to  Gahn,  who  isolated  the  metal  in  1776,  has  a  specific 
gravity  of  7.05.  It  is  fascicular  and  crystalline,  of  a  grayish-white 
color  resembling  white  pig-iron.  It  is  less  fusible  than  cast-iron  ; 
without  smell  or  taste,  hard  and  brittle.  According  to  Regnault*  it 
possesses  a  certain  ductility  and  malleability  which  would  approach 
that  of  iron  if  it  could  be  obtained  in  the  pure  state.  Jordanf  states 
that  manganese  is  volatile  under  certain  conditions. 

There  seems  to  be  a  uniformity  of  statement  that  metallic  manga- 
nese readily  oxidizes  in  the  air  and  crumbles  to  powder ;  that  it  is 
readily  acted  upon  by  even  pure  water  and  dilute  acids  with  the 
evolution  of  hydrogen  and  the  formation  of  manganous  hydrate; 
that  it  is  hard,  brittle,  and  nearly  or  quite  infusible.  Its  specific 
gravity  ranges  from  7.05  to  8.0,  evidently  varying  according  to  the 
impurities  it  contains. 

About  two  years  ago  Messrs.  Greene  and  Wahl  were  induced  to 
undertake  the  search  for  a  method  that  would  yield  metallic  man- 
ganese practically  pure  and  in  sufficient  quantity  to  become  a  com- 
mercial commodity;  containing  not  only  a  minimum  of  all  impuri- 
ties but  being  also  free  from  carbon. 

At  the  outset  of  their  work  it  became  evident  that  the  first  step  in 
such  a  process  would  be  to  remove  the  iron  contained  in  the  manga- 
nese ore,  since  this  iron  would  undoubtedly  become  reduced  with  the 
manganese.  Magnetic  separation  was  the  easiest  method  suggested, 
and  with  it  they  made  exhaustive  experiments,  the  ore  being  treated 
in  all  states  of  division  and  all  conditions  of  oxidation. 

They  were  compelled  to  abandon  tiiis  method  because  the  iron 
and  manganese  are  so  intimately  associated  in  the  ore  that  no  satis- 
factory separation  can  be  accomplished  with  the  magnet.  They  then 
tried  various  electro-chemical  methods,  the  ore  being  made  the  anode 
of  baths  containing  sodium  chloride,  dilute  sulphuric  acid,  ferrous- 
sulphate,  etc.  By  such  means  they  succeeded  in  eliminating  a  cer- 
tain portion  of  the  iron,  but  the  separation  was  too  slow  to  be  satis- 

*  Guettier's  3fetaUic  Alloys,  p.  145. 

t  Revue  IndusirieUe,  July  3,  1878.     Metallurgical  Review,  vol.  ii.,  p.  455. 
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factory  and  was  far  from  being  complete.  Convinced  that  only  a 
chemical  method  would  answer  their  purpose,  they  found,  after  a 
number  of  experiments,  that  nearly  all  the  iron  can  be  removed 
from  rich  manganese  ore  by  digesting  the  pulverized  ore  with  sul- 
phuric acid  of  30  per  cent,  strength,  the  manganese  remaining  prac- 
tically unaffected  by  the  acid.  At  first  sight  this  method  may  appear 
expensive;  but  the  ability  to  use  the  waste  acid  by  treatment  with 
scrap-iron  and  thus  to  recover  the  copperas,  will  pay  for  the  entire 
cost  of  purification-  indicated  ;  so  that  no  cheaper  process  of  purifica- 
tion could  be  desired.  As  an  illustration  of  the  efficiency  of  this 
method,  it  may  be  stated  that  in  a  few  hours  the  percentage  of 
iron  in  the  manganese  ore  may  be  reduced  from  five  or  six  to  a 
few  tenths,  without  any  perceptible  effect  upon  the  manganese  in 
the  ore. 

The  reduction  of  the  thus  purified  ore  in  order  to  obtain  carbon- 
less metallic  manganese  was  a  perplexing  problem.  The  literature 
of  the  subject  indicated  that  the  reduction  of  the  oxides  of  manga- 
nese by  carbon  would  be 'possible,  and  any  carbon  that  might  be 
absorbed  by  the  metal  might  be  subsequently  removed  by  treatment 
with  manganous  oxide  (MnO).  The  reduction  by  carbon  takes 
place  readily,  but  after  repeated  experiments  in  which  the  propor- 
tions of  oxide  and  carbon,  and  the  character  and  proportion  of  the 
flux  employed  were  varied  through  wide  ranges,  it  was  concluded  to 
be  impossible  by  this  method  to  prepare  metallic  manganese  contain- 
ing less  than  about  6  per  cent,  carbon,  and  that  it  was  equally  im- 
possible to  remove  the  carbon  thus  combined,  by  fusion  with  an  oxi- 
dizing agent.  Even  a  fusion  of  rich  ferro-manganese  with  manga- 
nous oxide,  both  materials  being  in  the  form  of  powder  and  inti- 
mately mixed,  fails  to  remove  the  carbon  from  the  metal. 

The  results  obtained  by  these  gentlemen  on  this  point  have  re- 
ceived a  clear  explanation  in  a  recent  publication  by  Guntz*  who 
has  made  certain  experiments  upon  the  subject.  He  finds  that  car- 
bon monoxide  (CO)  is  readily  decomposed  at  a  red  heat  by  manga- 
nese, carbon  and  manganous  oxide  being  formed.  Messrs.  Greene 
and  Wahl  believe  that  their  results  and  those  of  other  investigators 
indicate  that  the  complete  reduction  of  any  manganese  oxide  by 
carbon  yields  not  manganese  but  a  definite  carbide,  having  probably 
the  composition  MugO.  For  this  reason  carbon-free  manganese 
cannot  be  made  in  the  electrical  furnace  nor  can  it  be  produced  in 

*  Comptes  Rendus,  cxiv.,  p.  115. 
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graphite  crucibles.  Tentative  experiments  on  the  electrolysis  of 
fused  baths  of  manganese  chloride  and  manganese  fluoride  mixed 
with  other  chlorides  and  fluorides  gave  no  indication  that  a  satisfac- 
tory electrolytic  method  could  be  devised.  It  then  became  evident 
that  the  conditions  of  the  problem  required  a  reduction  taking  place 
in  the  entire  absence  of  carbon,  and  that  the  compound  to  be  re- 
duced should  be  one  of  the  oxides  of  manganese,  since  the  expense  of 
preparation  of  halogen  compounds  of  manganese  and  their  reduction 
by  sodium  precludes  the  possibility  of  applying  such  a  method  in 
manufacturing  metallic  manganese  on  a  commercial  scale. 

The  process  of  Messrs.  Greene  and  Wahl  has  thus  far  been  con- 
ducted only  on  a  laboratory  scale  in  crucibles  yielding  at  most  two 
or  three  pounds  of  manganese  at  a  charge.  To  obtain  the  manga- 
nese in  a  state  of  reasonable  purity,  it  was  found  at  the  outset  that 
the  use  of  graphite  crucibles  was  impracticable,  as  the  metal  at  the 
temperature  of  reduction  saturated  itself  with  carbon  from  the  cruci- 
ble. On  account  of  the  energetic  action  of  the  aluminum  on  the 
silica  of  a  clay  crucible,  it  was  impossible  to  use  pots  of  this  descrip- 
tion. All  the  experiments  made  in  clay  crucibles  yielded  a  siliceous 
manganese,  containing  in  some  cases  as  much  as  12  per  cent,  of  sili- 
con, the  silicon  reduced  by  the  aluminum  appearing  to  combine  with 
and  to  be  held  by  the  manganese. 

After  experimenting  with  various  materials  with  which  to  line 
graphite  crucibles  it  was  found  that  magnesia  gave  results  entirely 
satisfactory,  and  that  in  graphite  crucibles  lined  with  calcined  mag- 
nesite,  a  manganese  could  be  produced  containing  only  small  per- 
centages of  impurities.  A  number  of  reductions  were  made  yield- 
ing in  this  manner  metallic  manganese  of  very  uniform  quality,  and 
having  an  average  composition  as  follows  : 

Manganese,  96.5;  iron,  2;  silicon,  1.5;  (sulphur  and  phosphorus 
undetermined).  It  is  an  interesting  fact  to  note  in  this  connection 
that  only  the  merest  trace  of  aluminum,  if  any,  is  retained  by  tiie 
manganese.* 

This  metal  is  dense  and  homogeneous,  with  a  steel-gray  color  and 
a  pinkish-  to  reddish-bronze  tint.  It  lias  an  irregular  fracture,  it  is 
hard  and  brittle;  when  containing  over  a  certain  amount  of  silicon 
the  luster  becomes  more  brilliant  and  the  fracture  distinctly  con- 
choidal.f     AVhen  cast  in  iron  moulds  it  is  often  observed  to  have  be- 

*  Specimens  of  this  metal  were  shown  at  the  reading  of  the  paper, 
f  As  I  have  already  mentioned,  the  conchoidal  fracture  of  siliceous  manganese 
was  observed  by  Glatzel. 
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come  fractured  and  fissured,  the  fresh  surfaces  exposed  by  such  fis- 
sures and  fractures  being  often  covered  with  an  exceedingly  thin 
film  of  tombac-brown  oxide.  The  metal  exhibits  no  tendency  to 
oxidize  and  disintegrate  in  moist  air  as  does  all  the  manganese  re- 
duced by  and  containing  considerable  amounts  of  carbon.  It  is 
soluble  in  dilute  acids  and  practically  infusible  at  ordinary  furnace 
temperatures. 

The  specific  gravity  of  a  number  of  specimens  prepared  by  this 
method  was  found  to  vary  between  7.26  and  7.38  or  an  average  of 
7.32.  To  what  extent  the  presence  of  small  percentages  of  impuri- 
ties in  the  metal  may  affect  its  physical  properties  it  is  impossible 
to  say. 

For  practical  purposes  there  can  be  little  gained  in  removing  the 
small  amount  of  iron  present  in  the  manganese  ore,  and  no  attempts 
have  yet  been  made  on  the  part  of  Messrs.  Greene  and  Wahl  to  pro- 
duce the  metal  from  absolutely  pure  ore.  Except  for  scientific  in- 
terest, the  absolutely  pure  manganese  which  might  thus  be  prepared 
would  hardly  be  worth  the  trouble.  These  gentlemen  propose,  how- 
ever, in  the  near  future,  to  prepare  a  quantity  of  such  pure  manga- 
nese in  order  to  determine  the  absolute  specific  gravity,  specific  heat, 
and  other  physical  and  chemical  constants  of  interest. 

One  peculiar  and  marked  characteristic  of  nearly  all  metal  pre- 
pared by  this  process  is  that,  when  freshly  fractured  surfaces  are 
moistened  by  blowing  upon  them  with  the  breath,  the  metal  emits  a 
peculiar  pungent  odor  resembling  garlic,  which  is  possibly  due  to 
the  presence  of  hydrogen-silicide,  since  this  peculiarity  is  not  so 
noticeable  when  the  metal  contains  less  than  one  per  cent,  of 
silicon.  , 

The  method  of  producing  the  specimens  here  shown  is  as  follows  : 
The  manganese  dioxide  (MnOg)  was  reduced  to  the  state  of  monoxide 
(MnO)  by  heating  to  dull  redness  in  a  stream  of  reducing  gas,  this 
preliminary  reduction  requiring  about  an  hour.  The  monoxide 
thus  obtained  must  be  permitted  to  cool  down  entirely  in  the  stream 
of  gas  before  exposure  to  the  air,  otherwise  it  will  immediately  be 
converted  into  the  red  or  proto-sesquioxide  (MusOJ,  often  with  suf- 
ficient energy  to  ignite  spontaneously  if  exposed  to  the  air  while  even 
moderately  warm. 

The  monoxide  is  then  mixed  with  the  calculated  quantity  of  alu- 
minum, preferably  in  the  granulated  condition,  in  order  to  have  the 
advantage  of  the  increased  surface,  and  with  the  flux  of  lime  and 
a  small   quantity  of  fluorspar,  which  will   vary  according  to  the 
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nature  of  the  impurities  contained  in  the  ore.  The  mixture  is 
then  introduced  into  the  magnesia-lined  black-lead  crucible,  covered 
with  a  lid  and  placed  in  a  furnace.  The  furnace  used  in  making 
these  specimens  was  one  commonly  employed  in  melting  brass. 
The  mass  in  the  crucible  remains  unaltered,  save  for  some  shrink- 
age, until  it  has  reached  a  bright  red  throughout.  At  this  stage 
the  energetic  reducing  action  of  the  aluminum  upon  the  manga- 
nese monoxide  sets  in  and  proceeds  with  great  energy,  for  a  few 
minutes,  until  completed.  The  heat  liberated  in  this  reaction  is 
sufficient  to  liquefy  the  contents  of  the  crucible  and  bring  it  to  an 
intense  white  heat.  A  slight  fuming  proceeding  from  the  crucible 
gives  evidence  that  the  reaction  is  going  on.  If  the  metal  is  to  be 
poured,  it  should  be  done  at  the  moment  that  liquefaction  appears 
to  be  complete.  The  temperature  of  fusion  of  the  metal  is  so  high 
that  only  the  enormous  amount  of  heat  developed  by  the  reaction  is 
sufficient  to  liquefy  the  resulting  metal,  and  the  temperature  attained 
is  very  much  higher  than  that  of  the  furnace.  If  this  high  heat  is 
permitted  to  dissipate  itself,  the  metal  chills  and  pouring  is  impos- 
sible. 

The  inventors  inform  me  that  they  have  obtained  a  yield  as  high 
as  2,84  parts  of  manganese  per  unit  of  aluminum,  which  is  equiva- 
lent to  94.5  per  cent,  of  the  theoretical  yield.  Their  ordinary  yield, 
they  stale,  has  been  between  2.5  and  2.6  of  manganese  per  unit  of 
aluminum.  These  results  are  certainly  remarkable,  as  the  conditions 
of  working  on  a  small  scale  are  commonly  such  as  to  increase  the 
ratio  of  losses. 

The  advantages  of  using  aluminum  as  the  reducing  agent  will  be 
evident  when  the  relation  of  the  combining  weiglits  of  aluminum 
and  manganese  are  considered.  Fifty-five  parts  of  aluminum  will 
combine  with  forty-eight  parts  by  weight  of  oxygen  to  produce 
AI2O3,  and  in  reacting  with  manganous  oxide  (manganese  monoxide, 
MnO)  will  reduce  two  hundred  and  thirteen  parts  by  weight  of  man- 
ganous oxide  to  the  metallic  state.  The  following  equation  will  indi- 
cate the  reaction  with  the  numerical  values  of  the  reacting  substances : 

(55)  (213)  (103)  (165) 

AI2  +  3MnO  =  AI2O3  +  3Mn. 

One  pound  of  aluminum  will,  therefore,  theoretically  suffice  for 
the  production  of  three  pounds  of  manganese  from  its  monoxide. 
The  cost  of  the  operation  will  obviously  depend  chiefly  upon  the  cost 
of  the  aluminum. 
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In  operating  a  small  plant  that  will  produce  about  2  tons  of  man- 
ganese per  week,  the  inventors  state  that  it  will  require  730  pounds 
of  aluminum  and  2.5  tons  of  manganese  ore  to  produce  1  ton  of  metal- 
lic manganese.  Basing  their  calculations  upon  the  present  market 
value  of  aluminum  at  about  55  cents  per  pound,  and  the  manganese 
ore  at  $40  per  ton,  they  find  that  the  manganese  will  cost  about  $760 
per  long  ton,  which  price  includes  the  cost  of  fuel,  fluxes,  wages,  in- 
terest and  other  general  and  incidental  expenses.  Of  course  the 
wages  and  incidental  expenses  can  only  be  approximated.  $760  per 
long  ton,  or  about  34  cents  per  pound,  certainly  cannot  be  considered 
a  high  price  for  the  cost  of  the  metal  when  we  take  into  considera- 
tion the  elementary  condition,  in  a  commercial  sense,  of  the  process. 
As  I  stated  at  the  outset,  it  is  not  my  object  in  this  paper  to  discuss 
the  economic  value  of  the  process,  since  it  has  not  yet  been  devel- 
oped upon  a  sufficiently  large  scale  to  venture  more  than  the  above 
very  general  statement  of  the  cost  of  preparing  the  manganese. 

Neither  is  it  my  purpose  to  discuss  the  influence  of  ferro-manga- 
nese  or  pure  manganese  upon  the  physical  and  chemical  properties 
of  iron  and  steel.  Many  experiments  have  been  made  to  determine 
these  effects,  and  much  has  been  written  upon  the  results. 

Very  little,  however,  is  actually  known  of  the  action  of  manga- 
nese per  se  upon  iron  or  steel,  beyond  the  bare  fact  that  it  acts,  to  a 
certain  extent,  as  a  deoxidizer,  for  the  simple  reason  that  heretofore 
it  has  not  been  possible  to  produce  any  considerable  quantity  of  man- 
ganese or  ferro-manganese  free  from  appreciable  quantities  of  carbon 
and  silicon.  In  adding  ordinary  ferro-manganese  to  iron  or  steel,  it 
is  impossible  to  conjecture  the  specific  effect  of  the  manganese, 
since  its  action  will  be  obscured  or  modified  by  the  presence  of  car- 
bon or  silicon,  although  present  in  comparatively  small  amounts. 

That  manganese  acts  similarly  as  a  deoxidizer  upon  both  iron  and 
copper,  thus  refining  and  adding  to  the  strength  of  these  metals, 
there  can  be  no  doubt.  While  the  effect  of  the  accompanying  car- 
bon, when  ferro-manganese  is  added  to  copper-zinc  alloys,  probably 
has  little  or  no  influence  upon  the  copper,  the  iron  and  silicon  have. 
The  fact  that  the  presence  of  iron  is  an  undoubted  benefit  to  copper- 
zinc  alloys  was  demonstrated  many  years  ago  by  Rosthorn,  Aich, 
Dick  and  others.* 

The  silicon  possibly  acts  upon  the  copper,  along  with  the  manga- 
nese, as  a  deoxidizer.     With  iron  and  steel  the  effect  of  the  carbon 

*  Percy's  Metallurgy  of  Iron  and  Steel,  pp.  156,  157.  Jour.  Franklin  Inst.,  vol. 
cxxxi.  (1891),  p.  456. 
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and  silicon  in  the  ferro-manganese  must  be  potent,  the  extent  of  this 
influence  depending,  of  course,  upon  the  quantity  of  these  elements 
present. 

There  will  surely  be  a  demand  in  the  future  for  such  practically 
pure  manganese  as  is  made  by  the  process  described  in  this  paper  if 
it  is  possible  to  manufacture  it  at  a  sufficiently  low  cost ;  and  this 
will  evidently  depend  upon  the  market  value  of  aluminum.  There 
would  seem  to  be  no  reason  to  doubt  that  the  cost  of  aluminum  will 
gradually  become  less  as  the  demand  and  production  increases,  which 
is  sure  to  be  brought  about  by  improved  methods  of  reducing  the 
aluminum  from  its  ores. 

Discussion. 

W.  B.  Philt>ips,  New  York  City :  Mr.  Garrison's  paper  bears 
upon  some  experiments  in  which  I  have  been  engaged  during  the 
last  several  months  for  an  electric  smelting  company,  where  the 
purpose  was  to  manufacture  ferro-manganese  in  an  electric  furnace. 
Of  course  I  am  not  at  liberty  just  now  to  detail  the  experiments  or 
to  say  much  about  them,  except  that  we  have  succeeded  in  producing 
a  very  good  quality  of  ferro-manganese  electrically  smelted,  and  I 
suppose  that  in  due  time  we  shall  be  able  to  increase  the  grade.  At 
present  we  have  not  been  able  to  get  above  56  per  cent.,  but  I  think 
in  course  of  time  we  may  get  up  to  75  and  possibly  to  a  standard 
80  per  cent.  During  the  course  of  those  experiments  we  also  con- 
ducted a  number  as  to  the  reducing  power  of  aluminum,  and  curi- 
ously enough  obtained  an  alloy  which  contained  4  per  cent,  of  me- 
tallic calcium.  We  produced  an  alloy  of  metallic  calcium  and 
aluminum  and  copper.  We  cast  some  of  that  and  turned  it  down 
and  polished  it,  and  it  is  a  pretty  metal,  but  it  has  the  peculiar 
odor,  which  I  noticed  in  the  manganese  this  morning,  so  that  lying 
on  the  desk  it  is  quite  perceptible.  After  several  months  it  has  be- 
come tarnished.  Although  at  the  start  it  was  beautifully  polished 
and  looked  like  a  high-grade  brass,  in  the  course  of  several  months 
it  is  an  ugly-looking  piece  of  metal.  We  make  that  stuff  by  taking 
some  ordinary  German  imported  alumina  and  boiling  it  down  in  an 
iron  vessel  with  tar  until  it  becomes  quite  dry  and  powdery ;  charg- 
ing it  then,  in  the  powdery  state,  into  a  carbon  pot,  and  using  an 
electrical  current  of  about  2500  to  3000  amperes  and  about  500 
volts.  We  smelted  this  alumina  and  the  tar  together  with  copper, 
and  there  came  out  an  alloy  of  aluminum  and  calcium  with  copper. 
Then  we  excluded  the  alumina  and   used  only  the  boiled  tar  and 


THE   GREENE-WAHL   PROCESS.  905 

calcium  and  copper  and  obtained  another  alloy  which  contained  a 
little  over  4  per  cent,  of  metallic  calcium.  Now,  strange  to  say, 
when  we  excluded  the  alumina  we  obtained  a  mass  which  ran  out 
of  the  furnace  and  cooled  upon  the  stone  floor,  and  it  was  of  a 
curious  appearance  and  of  a  porous  nature.  We  had  no  alumina  in 
that  experiment.  We  used  boiled  tar,  but  no  copper  and  no  alu- 
mina. We  cooled  the  stuff  on  the  floor.  When  it  was  red  hot  one 
of  the  workmen  picked  it  up  with  the  tongs  and  put  it  in  a  bucket 
of  water,  and  a  flame  sprang  out  of  that  bucket  15  feet  high,  and 
they  had  to  throw  it  into  the  canal  which  they  use  for  running  the 
motor,  and  it  burned  in  the  canal  with  a  flame  above  the  surface  of 
the  water.  Every  time  we  tried  that  experiment  we  used  the  same 
mass  and  poured  water  upon  it,  and  the  flames  would  burst  out 
several  feet  high.  It  had  such  an  antipathy  to  water  that  I  think 
its  original  state  must  have  been  the  State  of  Kentucky.  (Laughter.) 
We  sent  some  of  that  stuff  to  the  chemists  to  work  upon,  and  they 
say  they  cannot  do  anything  with  it ;  that  every  reagent  that  they 
use  upon  it  decomposes  it,  and  the  composition  is  still  unknown.  I 
believe  it  to  be  metallic  calcium  in  a  very  fine  state  of  division, 
because  it  acts  just  like  any  one  of  the  alkali  metals  when  in  contact 
with  water.  I  think  the  question  of  the  reducing  power  of  alumina 
is  a  very  apt  one  just  here,  but  it  all  hangs,  as  Mr.  Garrison  says, 
upon  the  price  at  which  alumina  can  be  made,  and  just  now  35  or 
36  cents  is  about  as  cheap  as  it  can  be  manufactured. 

R.  W.  Raymond,  New  York  City :  I  believe  the  lowest  market- 
price  of  aluminum  has  been  50  cents  a  pound,  and  it  may  be 
doubted  whether  at  that  price  the  manufacturers  actually  realized  a 
profit,  though  there  is  no  reason  to  doubt  that  in  steady  operation 
on  a  large  scale  of  production  50  cents  should  pay,  over  and  above 
the  cost  of  materials,  fuel  and  labor,  a  fair  return  on  the  capital  in- 
vested and  employed.  The  question,  how  much  further  reduction 
in  cost  may  be  reasonably  expected  from  processes  now  known,  is 
an  interesting  one.  My  impression  is  that  the  actual  cost  to  the 
producer,  apart  from  interest  on  capital  and  expenses  of  sale,  is  not 
likely  to  be  brought  below  18  or  20  cents  as  a  minimum.  This  im- 
plies the  utmost  cheapening  of  the  materials  which  can  reasonably 
be  looked  for,  the  best  local  facilities  for  the  work,  and  the  most 
economical  production  of  the  electric  current  by  steam-engines. 

Mr.  Garrison:  About  two  years  ago  I  made  some  calculations 
as  to  the  cost  of  producing  aluminum  by  the  Hall  process,  using  an- 
thracite as  fuel,  in  a  very  large  plant.     My  estimate  was  about  24 
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cents  a  pound.  I  would  like  to  ask  Mr.  Phillips  how  much  carbon 
was  contained  in  the  ferro-tnanganese  to  which  he  referred. 

Mr.  Phillips:  There  was  of  course  carbon  in  the  metal,  because 
we  used  a  carbon  pot  as  the  receptacle.  The  52  per  cent,  alloy  of 
which  I  spoke  contained  a  little  over  4  per  cent,  of  carbon. 

H.  M.  HoAV^E,  Boston,  Mass. :  Might  not  the  cost  of  aluminum 
be  much  further  reduced  by  the  use  of  water-power,  especially  if 
the  works  for  making  aluminum  stand  close  to  the  source  of  that 
power  ? 

The  use  of  water-power  for  this  purpose  stands  on  a  much  better 
footing  than  its  use  for  generating  electricity  which  is  to  be  carried 
to  a  distance  and  then  used  to  drive  motors.  In  the  latter  case  we 
have  not  only  the  cost  of  installation  of  the  conductor  and  of  the 
electric  motors,  but  the  loss  of  energy  in  conversion,  in  addition  to 
the  cost  of  installing  and  maintaining  the  turbine  or  other  wheels 
and  the  dynamos,  to  weigh  against  the  installation  and  care  of  a 
steam-engine  and  boilers  and  the  fuel-consumption.  For  we  seek 
not  electricity  but  motion,  and  the  electricity  is  a  means  to  that  mo- 
tion. But  in  case  of  using  water-power  for  generating  electricity 
for  extracting  aluminum,  we  simply  have  to  weigh  the  cost  of  in- 
stalling and  maintaining  the  turbine-wheels  on  the  one  hand  against 
that  of  installing  and  maintaining  engines  and  boilers,  and  of  the 
fuel  for  these  boilers,  on  the  other  hand.  For  whether  we  use 
steam-  or  water-power,  the  energy  must  be  converted  into  electricity 
by  dynamos,  since  we  seek  electricity  for  the  aluminum  extracting 
process,  and  not  motion. 

Mr.  Raymond  :  My  estimate  was  based  on  the  use  of  very  cheap 
fuel,  and  I  can  conceive  that  the  cost  might  be  further  reduced  by 
the  direct  use  of  water-power,  though  my  impression  is  that  such 
saving  may  easily  be  overrated.  I  confess,  however,  that  this  im- 
pression has  been  derived,  in  a  somewhat  vague  way,  from  the  gen- 
eral experience  of  manufacturers  with  water-power,  as  more  variable 
and  less  trustworthy  than  steam.  Assuming  exceptionally  favora- 
ble conditions  (including  a  moderate  climate),  I  presume  it  would  be 
considerably  cheaper. 
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A  VABI ABLE- SPEED  PULLEY. 

BY  H.    C.    SPAULDING,    EXETER,    N.    H. 
(Montreal  Meeting,  February,  1893.) 

Every  constructing  engineer  and  designer  knows  how  often  it 
is  desirable  to  provide  a  speed-adjustment  between  parts  of  a  ma- 
chine performing  different  functions,  or  between  a  prime  mover  and 
the  devices  to  which  it  furnishes  power,  and  how  bulky  and  unsatis- 
factory are  most  of  the  methods  by  which  the  result  is  usually 
accomplished.  Of  course  the  step-pulley  is  the  most  simple  and 
generally  used.  It  requires,  (1)  parallelism  of  shafts;  (2)  a  consid- 
erable distance  between  centers ;  and  (3)  a  cessation  of  power  during 
the  change  from  one  speed  to  another.  Add  to  this  the  necessity  for 
careful  design  in  order  to  obtain  equal  belt-tension  for  all  positions ; 
the  weight  and  bulk  required  for  a  wide  range;  and  the  operative's 
positive  conviction  that  better  results  could  be  obtained  at  a  speed 
intermediate  between  those  furnished  by  two  successive  steps,  and 
we  begin  to  realize  the  mechanical  shortcomings  of  this  old  and 
familiar  friend.  The  hundred  and  one  other  devices,  patented  and 
otherwise,  for  accomplishing  similar  results,  present  other  objections 
of  varying  importauce,  which  need  not  be  discussed  here. 

Without  pretending  to  overcome  these  entirely,  and  indeed  with- 
out claiming  absolute  novelty,  a  recent  invention  of  Mr.  E.  F. 
Gordon,  of  Dover,  N.  H.,  has  seemed  to  the  writer  to  offer  such  ad- 
vantages in  flexibility  and  range  of  application  as  to  merit  a  more 
extended  study  and  use  than  can  be  given  in  his  own  work,  to 
which  it  is  being  applied  as  rapidly  as  opportunity  permits. 

It  is  placed  before  the  members  of  the  Institute,  not  only  to  bring 
out  an  expression  of  opinion  as  to  its  limitations,  but  also  with  the 
hope  that  it  will  thus  find  opportunities  for  applications  hitherto 
untried  and  outside  the  scope  of  operation  of  those  at  present  inter- 
ested in  its  development. 

Simply  stated,  the  device  consists  of  a  narrow  pulley  with  a  deep 
V-groove,  split  by  a  plane  passing  through  the  bottom  of  the  groove, 
one  of  the  two  symmetrical  parts  so  formed  being  fixed  to  the 
shafts,  and  the  second  being  capable  of  adjustment  so  as  to  bring  the 


908 


A    VARIABLE-SPEED    PULLEY. 


faces  of  the  groove  nearer  or  farther  apart.  By  the  use  of  a  narrow 
or  round  belt,  and  with  faces  having  the  proper  angle,  the  working 
radius  may  be  varied  within  wide  limits,  while  a  loose  sheave  may 
be  inserted  between  the  two  pieces,  thus  combining  the  differential- 
speed  principle  with  the  equivalent  of  a  tight-and-loose  pulley. 

In  the  illustration,  Fig.  1,  A  is  the  shaft;  B,  C, are  the  two  halves 
of  the  pulley  ;  D,  is  the  idler;  E,  the  belt;  F,  G,  hand-wheels;  H, 
a  collar,  fast  on  the  shaft.  By  the  action  of  the  belt,  B  and  C  tend 
to  separate  from  each  other ;  and  since  B  is  fast  on  the  shaft,  A,  C 


(which  is  splined  on  the  shaft,  and  hence  must  turn  with  it,  although 
free  to  move  along  it)  is  forced  against  F.  The  hand-wheels,  F  and 
G,  are  free  to  turn  on  the  shaft,  but  may  be  held  at  rest  whenever  de- 
sired. The  hub  of  one  carries  a  male  screw,  and  that  of  the  other 
a  female,  so  that  by  altering  the  position  of  one  on  the  other,  they 
increase  or  decrease  the  distance  between  the  collar,  H,  and  the  half 
of  the  pulley,  C,  thereby  allowing  C  to  recede  to  a  greater  or  less 
distance  from  B,  and  determining  the  position  of  the  belt,  E,  and 
its  consequent  speed  relative  to  that  of  the  shaft,  A.  It  will  be  evi- 
dent that  in  this  construction,  when  used  as  a  driving-shaft,  the  belt- 
speed  will  become  less  and  less  as  F  is  screwed  into  C,  until  C  has 
so  far  receded  from  B  as  to  allow  the  belt  to  drop  on  to  the  idler,  P, 
when  the  driven  mechanism  will  come  to  a  standstill,  to  be  gradually 
started  again  by  the  adjustment  of  F  and  G. 

Fig.  2  shows  a  still  simpler  form,  applicable  when  the  pulley  is 
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located  on  the  end  of  a  shaft.  In  this  case  the  loose  pulley  is 
omitted,  it  being  assumed  that  only  a  speed-adjustment  is  necessary, 
one  part  of  the  pulley  being  fast  on  the  shaft,  the  other  free,  but 
loosely  pinned  to  the  first  so  as  to  rotate  with  it,  and  the  working- 
radius  being  determined  by  the  adjustment  of  a  hand-screw. 

The  belt  may  be  either  round  or  nearly  square  in  section,  though, 
for  most  of  the  experiments  so  far  made,  a  narrow  double-ply  leather 
belt  has  been  used,  with  the  edge  beveled  to  correspond  with  the 
angle  of  the  pulley's  face. 

The  construction  shown  in  Fig.  2  has  recently  been  applied  to  the 

Fig.  2. 


feeding-rolls  of  a  48-inch  band-re-sawing  machine  in  a  way  which 
illustrates  its  simplicity  and  adaptation  to  this  class  of  work. 

Fig.  3  shows  the  arrangement  of  parts,  A  being  the  split  pulley, 
its  shaft  being  driven  by  a  link-belt  from  a  continuation  of  the  lower 
band-wheel  shaft,  and  supported  by  an  arm,  B,  swinging  from  this  as 
a  center.  The  belt,  C,  drives  the  pulleys,  D,  D,  on  horizontal  shafts 
worm-geared  to  the  axes  of  the  feed-rolls,  the  swing  of  the  arm,  B, 
compensating  for  the  varying  length  of  the  belt,  C,  owing  to  changes 
either  in  position  of  the  feed-rolls,  E,  with  reference  to  the  saw,  or 
in  the  working-radius  of  A,  the  latter  being  determined  by  the  posi- 
tion of  a  hand-screw. 

The  diameter  of  the  split  pulley  is  12  inches,  the  minimum  work- 
ing-radius 3  inches,  giving  a  linear  speed  to  the  surface  of  the  feed- 
rolls  of  from  10  to  30  feet  per  minute.  A  double-ply  belt,  1  inch 
wide,  is  used,  and  its  power  is  such  that  if  the  stock   be  held  firm, 
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the  slip  occurs  between  it  and  the  feed-rolls  (four  in  number,  all 
geared,  18  inches  long,  3  inches  in  diameter),  and  not  at  the  belt,  as 
in  the  case  of  the  usual  style  of  cone-pulley  employed  in  another 
machine  of  the  same  capacity. 

In  addition  to  the  combination  band-saw  and  resawing  machine 
above-described,  the  variable-speed  pulley  has  been  applied  to  the 
feed-works  of  a  wood-surfacing  machine,  the  knives  of  which  were 

Fig.  3. 


26  inches  long  and  the  bed-droj)  10  inches,  and  to  a  16-inch  pattern- 
njaker's  lathe,  in  the  latter  case  replacing  both  the  spindle-  and 
countershaft-cones. 

In  the  planer,  the  split-pulley  was  applied  to  an  intermediate 
driving-shaft,  from  which  the  4  feed-rolls  were  driven  at  any  de- 
sired circumferential  speed  between  30  and  65  feet  per  minute.  The 
belt  u.sed  was  two-ply,  center-riveted,  1  inch  wide  and  slightly 
bevelled  to  correspond  with  the  face-angle  of  the  pulley,  the  two 
parts  of  which  were  pressed  together  with  a  wedge  operated  by  a 
hand-lever,  and  thrusting  against  a  collar  fixed  upon  the  shaft.  With 
a  2-inch  ordinary  belt,  single-ply,  on  another  machine  of  equal  ca- 
pacity, the  slip  is  quite  marked  when  handling  heavy  stock,  while 
with  the  Gordon  pulley  it  was  imperceptible  under  the  severest  pos- 
sible tests. 

As  applied  to  the  lathe-spindle,  the  construction  is  as  shown  Id 
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Fig.  1,  but  omitting  the  idle  sheave,  while  a  similar  split-pulley 
overhead  automatically  compensates  for  changes  in  the  working 
radius  of  the  spindle-pulley,  one-half  being  fixed  to  the  countershaft, 
and  the  other  half  pressed  against  it  by  a  weighted  lever.  The 
pulleys  in  this  instance  were  small,  and  the  minimum  and  maximum 
speeds  were  in  the  ratio  of  1  to  10.  The  2  hand- wheels  forming 
the  expansion  device  revolve  with  the  spindle,  and  by  slightly  check- 
ing either  one  by  hand,  or  with  a  small  leather-covered  brake  at- 
tached to  the  head-stock,  any  desired  speed  within  Ihe  limits  above- 
mentioned  is  almost  instantly  obtained.  The  advantage  of  the  de- 
vice in  this  case  is  principally  in  its  convenience  and  the  operator's 
absolute  control  of  the  working  speed,  although  the  lack  of  slip  is  a 
noticeable  feature. 

It  will  be  seen  that,  unlike  most  devices  of  the  kind,  this  one  does 
not  require  parallelism  of  the  driving  and  driven  shafts;  the  dis- 
tance between  the  shafts  may  be  varied  almost  at  will ;  speed  may 
be  adjusted  to  a  fraction  of  a  revolution  within  pre-arranged  limits; 
these  limits  are  wider  than  could  be  secured  by  most  other  methods 
at  an  expenditure  of  a  much  greater  amount  of  material  and  space; 
and,  finally,  adjustment  of  speed  may  be  made  while  under  load. 


NOTES  ON  THE  LEASE-  OR  TRIBUTE- SYSTEM  OF 
MINING,  AS  PRACTICED  IN  COLORADO. 

BY  BENJAMIN  B.    LAWRENCE,   DENVER,    COLORADO. 
(Montreal  Meeting,  February,  1893.) 

The  lease-system  is  the  gradual  result  of  the  development  of 
our  larger  producing  mines  throughout  the  State  of  Colorado. 

The  operation  of  a  mine,  or  group  of  mines,  by  corporations  has 
been  attended,  in  many  cases,  by  disaster,  owing  to  the  difficulty 
of  securing  a  fair  day's  work  from  the  men  employed  in  the  mine, 
and  the  loss  entailed  by  careless  mining  and  sorting  of  high-grade 
ores,  or  by  lax  or  inefficient  management  on  the  part  of  superinten- 
dents and  foremen. 

Given,  therefore,  a  mine  that  has  been  practically  abandoned  by 
its  owner,  for  the  reasons  given,  but  still  possessing  merit,  the  lessee 
appears  on  the  ground  and  secures  a  lease  for  a  year,  or  term  of 
years,  from  the  owner,  upon  the  payment  of  a  royalty  upon  the 
gross  smelter-  or  mill-returns  of  the  ore  which  he  mines. 

In  this  way  many  of  our  abandoned  mines  have  been  re-opened  by 
the  miner,  who,  with  two  or  more  associates,  has  been  enabled,  by 
careful  attention,  to  obtain  profitable  results. 
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This  procedure  led  to  the  leasing  of  portions  of  a  mine  to  differ- 
ent lessees,  the  mine  still  remaining  under  the  control  of  the  owner. 

The  lease-system  is  now  largely  in  force  in  Clear  Creek  and 
Lake  counties;  and  in  order  that  its  workings  may  be  clearly  under- 
stood, we  will  cite  the  instance  of  a  well-known  mine  in  Georgetown, 
Clear  Creek  county.  This  property  is  owned  and  operated  by  Mr. 
G.  under  the  lease-system ;  and  his  methods  have  proved  so  success- 
ful that  his  example  may  be  followed  with  profit  by  many  other 
mines  of  this  description. 

The  lessee  applies  for  a  lease,  we  will  say,  upon  a  block  of  ground 
in  level  "  C."  This  block  of  ground  is  the  extension  of  drift  "  C  " 
for  100  feet,  which  he  drives  at  his  own  expense,  the  owner  furnish- 
ing the  necessary  supplies,  powder,  fuse  and  candles,  the  lessee  pay- 
ing for  these  and  for  hoisting  the  ore  and  dirt,  and  all  other  neces- 
sary expenses  incident  to  the  handling  of  the  ore. 

The  terms  of  the  lease  are,  that  he  shall  drive  a  level  100  feet 
and  have  the  privilege  of  back-stoping  the  ground  to  the  level 
above.  The  royalty  which  he  pays  to  the  owner  of  the  property, 
depends  upon  what  the  ground  immediately  behind,  above  and 
below  him,  has  yielded,  if  it  has  been  opened,  and  varies  from  25 
per  cent,  to  33J  per  cent. 

Should  the  level  have  been  driven  already  at  the  cost  of  the 
owner,  and  the  100  feet  of  "  back"  show  ore  in  paying  quantities,  the 
lessee  pays  a  royalty  of  from  33^  per  cent,  to  75  per  cent,  of  the 
gross  smelter-returns. 

The  owner  thus  developes  his  mine  at  little  or  no  cost  to  him- 
self, the  lessee  driving  levels,  sinking  winzes,  etc.,  in  order  that  he 
may  open  stoping-ground.  It  is  evident  that,  under  this  method, 
the  owner  takes  little  or  no  risk,  and  is  assured  of  profit,  if  ore  is 
found. 

The  lessees  are  under  full  control  of  the  foreman  of  the  mine 
and  are  subject  to  the  same  rules  as  would  govern  them  if  under 
day's  pay. 

By  dividing  a  mine  up  into  blocks  of  ground,  varying  from  50 
to  100  feet  in  length,  and  determined  in  height  by  the  distance 
between  the  levels,  each  lessee  is  left  to  work  his  own  particular 
block  of  ground,  the  ore  being  kept  separate,  and,  when  delivered 
on  the  dump,  becoming  the  property  of  the  lessor  or  owner  of  the 
mine. 

The  ore  is  then  shipped  to  the  nearest  sampling-works,  and  its 
value  is  ascertained,  the  lessee  paying  the  cost  of  the  control-sample. 

The  copy  of  mill-returns  appended  to  this  paper  will  show  the 
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practical  results  of  a  lot  of  ore  milled  from  one  of  the  lessees  upon 
Mr.  G.'s  property.  It  will  be  noted  that  the  royalty  is  deducted 
first,  after  which  the  cost  of  hauling  and  supplies  is  deducted,  and 
the  balance  is  paid  to  the  lessee. 

The  advantages  of  this  system  as  applied  to  the  mines  of  Clear 
Creek  county,  over  the  day's  pay  plan,  may  be  briefly  summarized  as 
follows : 

1st.  The  mine  once  opened  can  be  operated  with  a  small  working- 
capital. 

2d.  The  percentage  of  profits  received  by  the  owner  from  the  sale 
of  ore  is  absolutely  net,  the  lessee  paying  all  cost  of  mining,  haul- 
ing, etc. 

3d.  As  a  lessee  is  interested  directly  in  the  ore  which  he  mines  he 
will  take  care  that  none  is  lost,  either  in  the  mine  or  in  sorting  it.* 

4th.  Under  the  lease-system  the  mine  is  not  liable  for  lien. 

5th.  The  lessee  is  responsible  to  the  owner  of  the  mine,  for  care- 
lessness of  any  kind  which  may  result  in  damage  to  the  mine,  or 
accident  to  men  working  therein.  Under  day's  pay  the  owner  is  re- 
sponsible to  his  employees. 

6th.  But  little  supervision  of  the  men  is  necessary  underground. 
They  will  all  do  a  day's  work  under  the  lease-system,  as  they  are 
working  for  themselves,  and  a  man  will  work  harder  for  himself 
than  for  any"  one  else.  The  opportunities  in  a  mine  for  shirking 
work,  are  proverbially  understood  by  both  employer  and  employees. 

7th.  Economy  in  the  use  of  supplies  of  all  kinds.  Under  day's 
pay,  a  miner  will  use  almost  twice  as  much  powder  as  under  the 
lease  system. 

8th.  Miners  will  take  great  chances  to  find  pay-ore.  Develop- 
ment will  therefore  cost  little,  as  every  miner  working  in  a  mine  is 
interested  in  its  product,  and  in  the, opening  of  new  ground;  he  is 
familiar  with  the  mine;  and  the  owner  has  the  benefit  of  his  experi- 
ence in  finding  ore,  which  may  often  baffle  the  keenest  manager  and 
foreman. 

9th.  The  system  has  proved  an  undoubted  success  in  the  leading 
mines  of  Clear  Creek  county,  notably  the  Colorado  Central,  Dun- 
derberg,  Terrible,  Seven-Thirty,  Pelican-Dives,  and  many  others. 

This  system  is  now  being  rapidly  introduced  into  the  other  camps 
of  the  State,  notably  in  Leadville  and  Aspen,  since  in  its  working 
it  is  capable  of  being  so  adjusted  as  to  suit  the  character  of  the  mine. 

*  As  the  ore  of  this  district  will  average  at  least  $200  a  ton,  and  many  rich 
specimens    are    found,  this  also    precludes    the    danger  to    mine-owners,  of   the 
small  peculations  by  employees. 
VOL.  XXI. — 58 


914 


THE    LEASE-SYSTEM    OF    MINIXG    IN   COLORADO. 


It  is  often  necessary,  should  the  mine  be  in  poor  ground,  to  en- 
courage the  lessee  by  what  is  known  as  "allowance  of  footage," 
which  means  an  allowance  of,  say,  $2  a  foot  to  drive  a  drift,  which 
under  day's  pay  or  contract,  would  cost  $7  a  foot,  giving  him  the 
privilege  of  leasing  the  ground  which  he  opens  up. 

With  ample  working-capital,  and  a  non-productive  mine  which 
it  is  proposed  to  develop,  it  is  advisable  to  open  the  property  under 
contract,  leasing  the  stoping  only. 

It  is  the  popular  belief  that  only  those  mines  which  have  failed 
under  corporate  management,  are  worked  under  this  system,  and  also 
that  leasing  a  mine  is  practically  "gouging"  ordestroying.it  as 
a  workable  property.  This  belief  is  entirely  erroneous.  The 
system  is  now  applied  to  some  of  our  best  producing  mines ;  and 
they  can  be  kept  in  as  good  condition  under  the  lease-system  as 
under  day's  pay  or  any  other  plan.  The  men  leasing  blocks  of  ground 
in  this  way,  do  not  obtain  any  more  privileges  than  if  they  were  em- 
ployed by  the  day. 

The  system  is  recommended  to  the  careful  attention  of  all  mine- 
operators. 

Copy  of  Mill-Returns  and  Settlement. 

W.  J.  Chamberlain  &  Co.'s  Sampling  Works, 

Georgetown,  Colo.,  Nov.  24,  1892. 
Bought  of  G ,  Lessor,  by  Sibilla  &  Co.,  Lessees,  Pelican  Mine. 
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Amt.  rec'd  from  Sampling  mill,  as  above, $4242.75 

Eoyalty  to  lessor,  75  per  ct.  on  $4242.75, $3182.06 

Supplies  advanced  lessee, 106.55 

Tramming,  $117.50;  hauling,  $51.94, 169.44    3458.05 

Check  to  lessee, $784.70 
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Discussion. 

W.  P.  Blake,  New  Haven,  Conn. :  I  concur  heartily  with  the 
recommendations  of  Mr.  Lawrence,  and  can  cite  from  my  own 
knowledge  an  instance  which  may  be  of  interest,  and  which  is  no 
doubt  typical  of  a  large  class,  in  which  this  principle  has  been  ap- 
plied with  advantage.  Two  Arizona  prospectors,  after  long  and 
fruitless  explorations,  found  a  promising  vein  in  a  district  previously 
unknown.  They  had  but  a  few  cents  and  a  great  many  debts,  and 
could  barely  raise  the  small  amount  of  the  fee  necessary  to  record 
their  claims.  Another  miner  came  along,  and  they  said  to  him  : 
"Take  so  many  feet  of  the  length  of  this  claim,  sink  a  shaft  on  it, 
and  give  us  the  ore,  and  we  will  return  to  you  such  a  proportion  as 
you  pay."  Repeating  this  agreement,  they  had,  before  long,  some 
fifty  miners  at  work  at  different  points  on  the  claim,  and  they  took 
from  it  $100,000  worth  of  ore,  which,  although  shipped  and  sold  at 
great  sacrifice,  netted  enough  to  satisfy  the  workmen.  These  oper- 
ations also  developed  the  mine,  so  as  to  indicate  its  large  prospective 
value,  and  even  to  block  out,  to  some  extent,  its  available  reserves. 
The  mine  was  subsequently  sold  for  $500,000,  and  I  believe  the 
general  public  is  now  investing  in  it  on  a  basis  of  several  mil- 
lions. 

R.  W.  Raymond,  New  York  City :  As  the  President  of  the 
Chrysolite  Silver  Mining  Company  of  Leadville,  Colorado,  for  the 
last  dozen  years,  I  have  had  occasion  to  adopt,  from  time  to  time^ 
perhaps  with  some  modifications,  the  system  described  by  Mr.  Law- 
rence, and  may  therefore  claim  to  speak  from  experience  concerning 
its  operation  in  that  region. 

1.  Although  the  contract  involved  is  called  a  "lease,"  and  is 
usually  executed  in  the  terms  appropriate  to  a  lease  under  the  com- 
mon law,  it  differs  from  a  true  lease  in  the  essential  particular  that 
the  owner  does  not  thereby  resign  the  control  of  the  property.  On 
the  contrary,  he  directs  or  controls  operations  (at  least  so  far  as  they 
may  affect  the  future  value  of  the  estate);  retains  ownership  of  the 
ore  produced,  with  the  right  to  choose  in  what  way  its  value  shall 
be  realized ;  and  has  a  first  lien  on  the  proceeds,  to  the  extent  of  his 
own  outlay.  The  word  "lease"  is  therefore  misleading,  and  the 
relation  is  simply  that  of  a  contract,  by  which  the  lessor  grants  to 
the  lessee,  under  certain  conditions,  the  exclusive  right  to  perform  a 
certain  piece  of  work,  and  the  lessee  agrees,  in  return,  to  accept  pay- 
ment in  the  form  of  a  certain  proportion  of  the  net  returns.  It 
differs  from  the  ordinary  contract-system  (under  which  the  contractor 
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is  paid  by  foot  or  fathom,  irrespective  of  the  results  of  his  work)  by 
making  him  a  sharer  of  the  risk  and  the  profit. 

2.  Siuce  the  lessee  is  likely  to  be,  in  many  if  not  in  most  cases, 
pecuniarily  irresponsible,  and  since,  moreover,  in  all  such  contracts, 
it  is  unwise  to  leave  opportunities  for  dispute  and  litigation,  I  think 
it  important  to  define  clearly  two  points  at  least  (to  which  others,  of 
less  importance,  perhaps,  might  be  added),  namely,  the  conditions 
determining  an  abandonment  and  consequent  forfeiture  of  the  lease 
by  the  lessee,  and  the  ownership  of  plant,  and  especially  of  dumps 
of  second-class  ore  or  waste,  left  on  the  property  at  the  termination 
or  forfeiture  of  the  lease.  The  lessee  ought  to  have  a  reasonable 
time  within  which  to  remove  the  plant  which  he  has  erected  (der- 
ricks, engines,  etc.);  and  there  may  be  cases  in  which  he  should,  in 
equity,  have  the  right  to  insist  on  the  realization  of  the  net  value  of 
ore-dumps,  which  the  owner  has  chosen  to  hold  back  from  treatment 
or  market.  But  it  is  intolerable  and  impracticable  that,  long  after 
the  work  of  such  a  lessee  is  done,  he  should  have  the  right  to  claim 
a  share  of  the  proceeds  of  this  or  that  dump,  or  portion  of  a  dump, 
the  real  or  alleged  result  of  his  work.  I  mention  this  point  because 
I  have  known  annoying  claims  to  arise  out  of  the  neglect  to  guard 
it  in  mining  "  leases."  It  is,  however,  perfectly  easy  to  prevent  all 
trouble  by  a  suitable  provision  in  the  agreement ;  and  lessees  (how- 
ever ready  they  might  be  to  take  advantage  afterwards  of  the  absence 
of  such  a  provision)  are  willing  enough  to  accept  it  at  the  beginning, 
for  they  are  perfectly  aware  that  the  lessor  will  certainly  turn  into 
money  at  once  all  the  product  that  can  be  so  disposed  of  To  secure 
complete  equity,  it  is  well  enough  to  grant  to  them  a  certain  period 
after  the  surrender,  termination  or  abandonment  of  the  lease,  within 
which  any  claim  on  their  part  to  participation  in  the  proceeds  of 
material  received  by  them  shall  be  recognized.  But  it  is  usually  not 
necessary  to  make  even  this  concession.  At  all  events,  I  wish  to 
emphasize  the  principle  that  no  mine-owner  can  afford  to  leave  his 
property  liable  to  indefinite  claims  from  past  lessees,  whether  based 
on  the  disputed  forfeiture  of  their  leases,  or  on  their  historic  and  in- 
ferential claims  to  his  dumps, 

3.  Such  points  being  guarded,  we  have  found  the  "lease-system" 
to  be  useful,  in  the  first  place,  wherever  there  were  risks  which  the 
owner  was  not  willing  to  take.  In  the  Leadville  formation,  for  in- 
stance, there  have  been  repeated  instances  in  which,  as  an  individual 
operator,  I  might  possibly  have  been  willing  to  risk  my  own  money, 
but  was  not  willing  to  risk  the  money  of  the  company  which  I  rep- 
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resented, — the  chances  being,  in  my  best  judgment,  unfavorable  on 
the  whole  to  an  adequate  return  of  the  cost  of  explorations.  In 
such  instances  I  have  often  granted  "leases"  which  put  the  risk  of 
total  failure  upon  the  lessors,  compensating  them,  in  the  event  of  suc- 
cess, by  a  large  share  of  the  profits. 

In  the  second  place,  such  leases  may  sometimes  be  made  with  ad- 
vantage to  miners  formerly  in  the  employ  of  the  lessor,  who  have 
seen  in  the  course  of  their  underground  work,  and  have  cunningly 
kept  to  themselves,  the  indications  of  valuable  ore-bodies,  not  re- 
ported by  them  or  otherwise  made  known  to  the  management.  It 
must  be  confessed  that  the  prospect  of  such  a  bargain  in  the  future 
is  somewhat  demoralizing  to  miners  employed  by  contract  or  day's 
wages.  They  are  apt  to  keep  secret  what  they  ought  to  report  at 
once  to  the  manager.  It  should  be  the  endeavor  of  every  mine 
su[)erintendent  to  keep  himself  thoroughly  posted  by  personal  in- 
spection as  to  the  daily  developments  of  underground  work,  so  that 
in  any  case  of  a  proposed  lease  he  may  not  be  at  a  disadvantage 
through  ignorance  of  facts  known  to  the  other  party.  But  (in  some 
kinds  of  mines  more  than  in  others)  it  is  still  possible  that  the 
workmen  may  observe  indications  overlooked  by  the  most  vigilant 
superintendent  or  foreman.  Moreover,  the  knowledge  and  memory 
of  such  indications  is  seldom  preserved  at  all,  outside  of  a  possible 
memorandum  in  a  private  note-book,  which  tells  nothing,  except  to 
the  man  who  made  it.  Hence  a  new  manager  may  be,  by  no  fault 
of  his  own,  ignorant  of  subtle  signs  observed  in  the  course  of  oper- 
ations underground  before  his  time,  and  he  may  be  very  glad  to 
accept  the  offer  of  some  former  emjdoyee  to  take  a  ''  lease  "  upon 
some  part  of  the  ground  in  which  he  himself  knows  of  no  valuable 
ore-body. 

It  may  be  suggested  that  such  a  proposal  to  lease  a  particular  piece 
of  ground  ought  to  put  a  manager  on  his  guard,  and  lead  him  to 
refuse  the  lease  and  explore  the  ground  at  the  expense  of  his  com- 
pany, instead  of  granting  ignorantly,  on  too  favorable  terms,  a  pos- 
sible bonanza  to  the  better-informed  lessee.  Such  a  course  is  some- 
times pursued  ;  and  its  advisability  must  be  left  to  the  decision  of  the 
manager  in  each  case.  The  general  objections  to  it  are,  first,  that  if 
it  is  known  to  be  the  probable  result  of  an  application  for  leases,  old 
miners  who  have,  or  think  they  have,  knowledge  of  probable  ore- 
bodies  overlooked  in  the  first  exploitation,  will  cease  to  make  pro- 
posals, and  will  bide  their  time  until  a  new  management  or  a  more 
complete  exhaustion  of  the  mine  will  give  them  a  chance  to  utilize 
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their  knowledge;  and  secondly,  that  in  the  majority  of  cases  miners 
are  more  adventurous  than  the  administrator  of  other  peoples' 
money  can  afford  to  be,  and  that  the  granting  of  leases  of  this  kind, 
while  it  may,  now  and  then,  give  a  prize  to  some  adventurer,  is 
likely,  in  the  long  run,  to  save  money  for  the  owner.  It  must  be 
remembered,  also,  that  the  occasional  bonanza  is  what  encourages 
miners  to  take  the  risk  of  unprofitable  work. 

4.  After  all,  the  best  basis  for  such  agreements,  as  for  all  others 
between  free  agents,  is  a  complete  mutual  understanding  of  the  risks 
and  responsibilities  taken  by  either  side.  And  this  is,  as  I  under- 
stand it,  the  basis  of  the  system  described  by  Mr.  Lawrence  in  his 
paper.  As  in  contracts  for  work  per  fathom,  so  in  this  case,  I  am 
sure,  the  underlying  basis  is  the  intention  of  paying,  under  average 
conditions,  something  more  than  ordinary  wages  for  the  sake  of  the 
extra  fidelity  and  industry  thus  secured,  and  this  basis  is  modified  to 
cover  the  risk  of  unprofitable  work  by  an  agreed  bonus  in  the  form 
of  a  larger  percentage  of  the  net  profit.  The  lessee  is  further  pro- 
tected by  the  express  or  implied  right  to  throw  up  the  bargain,  if  it 
proves  too  unprofitable  and  unpromising  for  him  ;  and  in  return  for 
this  concession  the  lessor  is  released  from  all  payment  for  the  work 
done  without  net  returns. 

The  system  is  an  admirable  one  in  its  effect  upon  the  relations 
between  miners  and  employers.  The  extortionate  wages  demanded 
by  the  miners'  unions  in  the  west  (not  only  for  underground  work, 
but  also  in  many  cases  for  surface-labor, — which  latter  demand,  by 
the  way,  was  the  cause  of  the  recent  bloody  conflict  in  Idaho),  bear 
with  special  severity  upon  the  execution  of  all  dead-work,  which  is 
not  immediately  productive,  and  upon  all  mining,  the  profit  of  which 
is  at  all  doubtful.  By  voluntary  leases  and  contracts  this  tyranny 
is  evaded. 

W.  B.  Phillips,  New  York  City :  The  tribute-system  is  em- 
ployed in  some  coal-mines  in  the  Alabama  field  where  convicts  are 
worked.  There  is  one  mine  there,  for  instance,  which  employs  a 
thousand  convicts  leased  by  the  State.  Each  one  is  apportioned  a 
certain  amount  of  work  per  day;  he  must  get  out  a  certain  number 
of  tons  of  coal.  After  that  his  time  is  his  own,  and  he  is  appor- 
tioned a  certain  amount  of  ground  which  he  calls  his  own,  and 
mines  coal  from  it,  and  all  the  coal  that  comes  from  his  particular 
territory  is  set  to  his  credit.  I  have  known  men  to  come  out  from 
a  five  years'  service  with  $700  to  their  credit  on  the  books  of  the 
company. 
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A  Member:  I  would  like  to  ask  Dr.  Raymond  if  he  does  not 
think  that  would  develop  what  is  known  as  the  "sweating  system  " 
in  other  trades.  Whenever  a  workingman  establishes  wages,  you 
always  find  that  he  cuts  down.  I  think  you  would  find,  if  it  was 
introduced  into  our  anthracite  mining,  that  it  would  after  a  while 
develop  the  sweating  system. 

Dr.  Raymond:  In  the  west,  that  trouble  is  not  imminent.  In 
many  cases  the  lessees  are  the  workmen,  and  divide  the  risk  and 
profit  by  mutual  agreement.  In  other  cases  the  lessee  is  himself  an 
employer,  but  then  he  is  as  much  under  the  control  of  the  miners' 
union  as  if  he  owned  the  mine.  The  wages  paid  to  miners  in  most 
of  the  'western  districts  are  so  high  that  they  would  stand  reduction 
with  real  benefit  to  the  workmen,  since  the  range  of  employment 
would  be  thereby  enlarged. 

Matthew  Penhale,  Black  Lake,  Quebec,  Canada :  I  have  had 
a  good  deal  to  do  with  miners  in  the  last  twenty  years,  and  I  find 
that  by  contracting  for  stoping,  drilling  or  shaft-sinking,  I  can  get 
double  the  quantity  of  work  done,  or  ore  produced,  at  a  comparatively 
small  extra  cost.  When  men  under  contract  pay  for  their  own 
powder,  they  use  much  less  of  it.  Nor  do  they  want  three  shifts  a 
day.  But  when  they  are  paid  by  the  day  they  say,  "  We  are  not 
paid  for  our  judgment,  but  for  our  labor,"  and  they  take  no  special 
pains  to  further  the  interest  of  their  employers.  We  have  men 
who  are  not  capable  of  taking  a  contract;  but  good  miners,  agreeing 
upon  a  fair  price,  can  do  it  with  advantage  both  to  themselves  and 
to  us. 


THE  USE  OF  PEODUGEB-OAS  FOB  DBYINO  AND  BOAST- 
ING OBE  AT  THE  LIXIVIATION-MILL  OF  THE  HOLDEN 
SMELTING  AND  MILLING  CO.,  ASPEN,   GOLOBADO, 

BY  WILLARD   S.    MORSE,    ASPEN,    COLO. 
(Montreal  Meeting,  February,  3893.) 

The  ores  of  the  district  are  treated  at  this  mill  by  the  lixiviation 
process,  consisting  of  drying,  crushing,  chloridizing-roasting  and 
lixiviation  by  hyposulphite  and  Russell  solutions.  Gas  is  used  as 
fuel  for  both  drying  and  roasting. 

The  gas-plant  consists  of  two  Taylor  revolving-bottom  gas-pro- 
ducers, one  6  feet  in  diameter  for  the  ore-dryers,  the  other  7  feet  in 
diameter  for  the  Stetefeldt  furnace.  The  producers  were  made  by 
Messrs.  R.  D.  Wood  &  Co.,  Philadelphia,  who  also  furnished  the 
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burners,  pipes,  valves,  etc.,  for  the  plant,  from  designs  by  Mr.  C.  A. 
Stetefeldt. 

Fuel. — The  coal  used  in  the  producers  consists  of  a  mixture  of 
coals  mined  in  this  district,  in  the  proportion  of  about  one-third 
Sunshine  nut-coal  and  two-thirds  New  Castle  nut-  and  pea-coal. 
The  best  results  were  obtained  with  this  mixture,  principally  on 
account  of  the  character  of  the  ash,  rendering  the  working  of  the 
producers  easy  and  avoiding  the  necessity  of  reducing  the  capacity 
of  the  mill  while  cleaning  the  ashes  from  the  producer.  We  found 
that  the  Sunshine  coal  used  by  itself  made  much  less  tar  in  the  gas- 
pipes,  but,  on  account  of  the  character  and  quantity  of  the  clinker, 
it  was  very  troublesome  to  get  out  of  the  producer ;  while  the  ash 
from  the  New  Castle  coal  was  so  fine  and  packed  so  close  that  it  was 
not  possible  to  work  the  producers  up  to  their  capacity,  on  account 
of  our  inability  to  force  air  and  steam  through  the  bed  of  ashes.  A 
mixture  of  the  two,  however,  gave  the  desired  result. 

The  following  is  an  average  of  a  number  of  analyses  of  these 
coals  made  during  the  year  : 

Sunshine.  New  Castle. 

Per  Cent.  Per  Cent. 

Water 2.8  1.7 

Volatile  matter, 36.3  37.95 

Fixed  carbon 37.1  48.6 

Ash, 23.8  11.6 

100.0  99.85 

Only  one  partial  analysis  of  the  gas  has  been  made,  which  showed 
CO,  20,  and  CO2,  2.8  per  cent. 

All  the  figures  given  in  this  paper  are  totals  and  averages  for  a 
run  of  over  a  year,  or  from  November  10,  1891,  to  January  1, 
1893. 

JDrying. — The  drying-plant  consists  of  four  Stetefeldt  double 
shelf-dryers.  Each  dryer  is  fired  by  two  gas-burners.  Three 
complete  dryers  and  one-half  of  the  fourth  are  used  for  drying 
ore,  and  the  other  half  of  the  fourth  dryer  for  drying  salt. 

The  total  amount  of  ore  dried  M^as  as  follows  :  Gross  weight, 
65,743,650  lbs.;  moisture,  4,029,761  lbs.  (or  6.13  per  cent.);  net 
dry  weight,  61,713,889  lbs. 

The  total  amount  of  salt  dried  was,  by  gross  weight,  7,544,610 
lbs.,  containing  probably  not  more  than  1  per  cent,  of  moisture. 

All  the  moisture  is  driven  out  of  the  ore,  which  is  delivered  from 
the  dryers  at  about  130°  F.  During  the  operation  of  drying,  how- 
ever, the  temperature  is  much  higher,  as  the  heat  on  the  top  shelves 
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of  the  dryer  is  greater  than  on  the  lower  shelves,  where  the  ore  is 
delivered. 

The  gross  weight  of  coal  consumed  in  the  producer  for  making 
gas  for  dryers  was  2,646,580  lbs.,  costing,  on  an  average.  $3.0977 
per  ton,  or  an  average  for  each  ton  of  ore  or  salt  dried  of  72.22  lbs. 
of  coal,  costing  $0.1118. 

Boasting. — The  chloridizing-roasting  of  the  ore  is  accomplished 
in  a  Stetefeldt  furnace.  The  gas  is  supplied  to  the  furnace  by  three 
burners,  two  to  the  shaft  of  the  furnace,  in  which  about  60  per  cent, 
of  the  ore  falls,  and  one  burner  to  the  return-flue. 

The  average  composition  of  the  ore  for  the  run  was  as  folloM'S : 
Ag,  27.91  oz.  per  ton  ;  Pb,  2.27  ;  SiO„  21.64  ;  BaSO,,  20.92 ;  CaO, 
10.99;  MgO,  4.24;  Fe,  10.02;  Zn,  2.85;   S,  8.10  per  cent. 

The  ore  after  roasting  averages  about  0.2  per  cent,  of  sulphur  as 
sulphide. 

The  total  of  ore  roasted  (dry  weight)  was  61,713,889  lbs.,  and 
the  total  of  coal  consumed  was  3,624,080  lbs.,  costing  on  an  average 
$3.0977  per  ton,  or  an  average  for  each  ton  of  ore  roasted  of  117.44 
lbs.  of  coal,  costing  $0.1819. 

I  have  received  a  number  of  inquiries  from  smelters  as  to  the 
adaptability  of  the  gas-fire  for  roasting  ores  in  a  reverberatory  fur- 
nace, and  raising  the  question  whether  enough  heat  could  be  obtained 
for  that  purpose.  In  this  connection  the  result  of  an  accident  may  be 
interesting.  On  account  of  one  burner  in  the  shaft  of  the  furnace 
becoming  closed  with  an  accumulation  of  tar,  all  of  the  gas  was 
forced  through  the  other  burner,  making  such  intense  heat  as  to 
fuse  or  slag  the  ore  that  had  accumulated  on  the  bridge- wall.  The 
fused  ore  ran  into  the  air-flue,  coaipletely  filling  it  and  necessitating 
the  cooling  ofl*  of  the  furnace  to  clean  it  out. 

The  analysis  of  the  fused  ore  was  as  follows :  SiO,,  28.6 ;  BaSO^, 
19.4 ;  Fe,  5.0;  CaO,  8.1 ;  MgO,  3.6  per  cent. 

If  heat  enough  can  be  had  to  fuse  this  combination,  certainly  no 
trouble  should  be  encountered  in  obtaining  sufficient  heat  to  desul- 
phurize the  ores  and  slag  the  ore  in  the  fusing-box  of  the  reverbera- 
tory furnace. 

I  think  that  improvements  could  be  made  on  the  plant  here  by 
providing  better  facilities  for  cleaning  the  gas-pipes  of  tar,  and  also 
by  better  insulation  to  prevent  the  condensation  of  tar  in  the  pipes. 
The  suggestion  made  by  Mr.  W.  H.  Blauvelt  to  the  writer,  of  lining 
the  pipes  with  fire-clay  tile,  would  be  excellent,  as  it  would  not  only 
act  as  insulation,  but  it  would  then  be  an  easy  matter  to  clean  the 
pipes  of  tar  by  burning  them  out,  without  danger  to  the  iron  pipes. 
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THE  BIG  STONE  GAP  COAL-FIELD. 

BY  JAMES  M.    HODGE,    BIG  STONE  GAP,    \A. 

(Montreal  Meeting,  February,  1893.) 

The  Cumberland  Gap  extension  of  the  Louisville  and  Nashville 
railroad,  recently  completed  from  Cumberland  Gap  to  Norton,  71 
miles,  connects  at  the  latter  point  with  the  Norfolk  and  Western, 
making  a  direct  through  line  from  Louisville  to  Norfolk. 

The  whole  of  this  connecting  link  skirts  the  southern  boundary 
of  the  southwest  Virginia  coal  region,  but  for  the  first  57  miles  of 
its  course  it  is  separated  from  the  coal  by  a  mountain  range  (Cum- 
berland mountain  and  its  extension,  Stone  mountain),  which  bars 
entrance  to  the  field  from  that  direction,  excepting  at  Pennington 
Gajj,  where  access  may  be  had  to  a  small  area  only,  which  has  not 
yet  developed  any  very  satisfactory  coal. 

The  railroad  passes  through  the  range  at  Big  Stone  Gap,  and  for 
the  last  14  miles  of  its  course  to  Norton  is  in  direct  contact  with  that 
part  of  the  coal  region  known  as  the  Big  Stone  Gap  coal-field. 

By  this  road  a  western  and  southwestern  outlet  from  the  field  is 
secured;  the  Clinch  valley  extension  of  the  Norfolk  and  Western 
railroad  gives  exit  eastward  from  Norton,  and  the  South  Atlantic 
and  Ohio  railroad,  built  through  Big  Stone  Gap  simultaneously  with 
the  L.  &,  N.  R.  R.,  delivers  the  coal  to  points  south  and  southeast. 

Besides  these  lines  already  built,  an  early  connection  with  the 
East  Tennessee,  Virginia  and  Georgia  railroad,  via  its  Rogersville 
branch,  is  probable,  and  connections  with  the  railroads  of  eastern 
Kentucky  are  projected.  The  Charleston,  Cincinnati  and  Chicago 
railroad  has  already  done  some  grading  on  one  of  the  latter,  but  the 
rugged  country  intervening  will  prevent  its  construction  till  the  de- 
mand for  it  becomes  urgent. 

The  coal-field  embraces  in  Virginia  about  120  square  miles,  to 
which  should  be  added  some  30  square  miles  iu  Kentucky,  also 
tributary  to  Big  Stone  Gap,  the  whole  of  it  underlaid  by  coal,  proba- 
bly of  workable  thickness,  and  much  of  it  by  two  or  more  such  beds. 
The  determination  of  the  boundaries  of  the  field,  however  (except  on 
the  south,  where  Stone  mountain  forms  a  natural  limit  beyond  which 
only  a  small,  isolated  tract  of  coal  is  found),  is  involved  in  much 
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uncertainty  ;  for  the  coal  extends  far  beyond  the  assumed  bounda- 
ries east,  north,  and  west,  and  the  area  which  may  rightly  be  included 
in  this  field  depends  upon  what  means  may  be  adopted  in  the  future 
for  reaching  the  coal  and  shipping  it  through  other  channels. 

As  here  circumscribed,  the  area  in  Virginia  includes  the  region 
drained  by  the  headwaters  of  the  Powell  river,  north  of  the  crest  of 
Stone  mountain,  in  Wise  county,  and  in  Lee  county  to  a  distance  of 
about  10  miles  west  from  Big  Stone  Gap.  The  width  of  this  area 
is,  on  the  west,  about  3  miles,  and  towards  its  eastern  end,  10  miles 
or  more.  Its  length  is  about  20  miles.  The  area  in  Kentucky  in- 
cluded as  a  part  of  the  field  is  a  strip  on  the  north  side  of  Big  and 
Little  Black  mountains  (the  State-line  lying  along  their  summits), 
assumed  to  average  2  miles  in  width  and  to  be  15  miles  long. 

The  main  topographical  features  are  given  by  Black  mountain 
(which,  on  the  west,  divides  into  Big  and  Little  Black,  with  a  short, 
high  spur  between  them)  and  Stone  mountain.  The  latter  ranges 
nearly  straight  northeast  and  southwest;  the  former  is  quite  crooked, 
and  has  a  more  northerly  general  direction.  It  attains  4000  .feet  at 
its  highest  point,  while  the  greatest  height  of  Stone  mountain  is 
about  3000  feet,  or  some  1 500  feet  above  the  town  of  Big  Stone 
Gap. 

From  Black  mountain  spurs  protrude  southeasterly  to  Powell 
river,  at  the  base  of  Stone  mountain,  and  northwesterly  to  Cumber- 
land river,  at  the  base  of  Pine  mountain,  enclosing  between  them 
the  principal  sources  of  those  rivers  in  extremely  narrow  valleys. 

From  the  end  of  Little  Black  mountain  a  very  low  spur  connects 
with  Stone  mountain.  It  is  so  low  that  it  presents  no  serious  obsta- 
cle to  entering  by  railway  the  western  end  of  the  field,  but  it  forms 
the  dividing-line  between  the  drainage  to  Pennington  and  to  Big 
Stone  Gaps,  and  between  Lee  and  Wise  counties.  At  Norton,  the 
eastern  limit  of  the  field,  the  Powell  river  valley  continues  into  that 
of  the  Gess  river,  beyond. 

All  the  coal-land  drainage  of  Wise  county  west  of  Norton  passes 
through  Big  Stone  Gap,  already  occupied  by  railroads,  while  that 
of  the  eastern  part  of  Lee  county,  flowing  through  Pennington  gap, 
penetrates  a  region  so  rough  as  to  preclude  carrying  coal  in  that 
direction. 

Geologically,  Stone  and  Pine  mountains  form  the  sides  of  a  trough 
rising  to  a  height  of  1000  to  1500  feet,  at  angles  varying  from  20° 
from  horizontal  up  to,  and  even  past,  vertical.  The  bottom  of  this 
trough,  about  12  miles  wide,  is  comparatively  flat,  but  numerous 
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flexures  and  cross-flexures  have  inclined  the  strata  in  all  directions. 
The  principal  axis  of  the  trough,  however,  is  clearly  apparent,  lying 
some  3  miles  from  the  base  of  Pine  mountain. 

Black  mountain  lies  partly  across  the  trough.  South  of  that 
mountain^  and  hence  over  most  of  the  field,  this  synclinal  involves  a 
pitch  against  drainage,  but  as  the  rate  seldom  exceeds  150  feet  per 
mile,  and  is  generally  much  less,  and  as  cross-flexures  may  often  be 
taken  advantage  of,  the  deep  erosions  made  by  the  streams  will 
make  mining  possible  over  a  large  area,  from  outcrop  openings  and 
on  an  ascending  grade. 

The  coal-measures  exposed  in  this  field  embrace  a  section  extend- 
ing from  the  base  of  the  lower  conglomerate  (XII.  of  the  Pennsyl- 
vania Survey)  nearly  or  quite  up  to  the  Pennsylvania  "  Barren 
Measures."  This  section  attains  here  probably  the  greatest  develop- 
ment to  be  found  in  the  Appalachian  region,  and  is  estimated  to  be 
about  3000  feet  thick. 

The  lower  third  of  the  section  contains  the  conglomerate  series, 
with  .three  to  five  beds  of  coal,  while  the  upper  two-thirds — the 
"Lower  Productive"  measures — contains  fully  twenty  distinct  coal- 
beds,  averaging  less  than  100  feet  apart.  The  exact  number,  how- 
ever, must  always  remain  indefinite,  since  the  different  seams  com- 
bine or  separate,  to  form  one  large  bed  or  two  or  more  small  ones,  in 
a  manner  which  defies  enumeration. 

In  tracing  the  identity  of  the  beds,  even  within  the  confined 
limits  of  this  field,  this  feature  has  been  a  source  of  great  uncer- 
tainty, and  other  difficulties  are  added  in  the  frequent  changes  of 
the  character  of  beds  (of  their  thickness  and  partings,  and  occasion- 
ally of  the  coal)  and  a  lack  of  characteristic  intervening  rocks.  But 
enough  work  has  been  done  to  identify  the  most  important  beds 
over  the  greater  part  of  the  field,  and  two  or  three  can  be  included 
in  the  Kentucky  nomenclature  with  sufficient  certainty. 

But  the  fact  of  such  variation  in  the  beds  renders  the  need  for 
identification  proportionally  slight.  Each  bed  in  its  own  field  must 
be  tested  there,  and  be  valued  according  to  the  results  of  the  testing, 
without  regard  to  what  may  have  been  proved  of  it  elsewhere. 

The  field  is  not  wholly  without  characteristic  rocks.  Besides  the 
lower  conglomerate,  unmistakable  as  ever,  a  persistent  fossiliferous 
limestone,  1  to  3  feet  thick,  is  found  at  a  height  of  1200  to  1400 
feet  above  it  (one  must  usually  climb  800  feet  or  more  to  see  it),  and 
above  this  is  an  upper  conglomerate.  This  rock,  sometimes  150  feet 
thick,  appears  to  be  included  in  the  "  upper  scries  "  of  Kentucky, 
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containing  Coals  10,  11  and  12.  Over  parts  of  the  field  it  forms  a 
conspicuous  crest  or  thrusts  high  cliffs  out  upon  the  sides  of  the 
mountain ;  at  other  points  it  is  indistinguishable  from  the  rocks 
above  and  below  it.  In  the  former  case  it  is  thickly  studded  with 
pebbles,  while  in  the  latter  they  are  wholly  absent  or  so  few  that 
only  most  careful  search  reveals  them.  As  in  Kentucky,  the  rock 
encloses  one  or  more  beds  of  coal,  with  attendant  shale  and  clay. 

Fig.  1  gives  a  section  taken  from  Little  Black  mountain,  which 
is  complete  as  regards  coal-seams,  from  an  elevation  2000  to  3400 
feet  above  sea-level.  Above  3400  feet  no  search  has  been  made  for 
coal  on  Little  Black  mountain,  but  the  upper  bed  shown  was  found 
while  surveying  its  outcrop-line. 

The  Big  Black  mountain  section  (Fig.  2)  was  less  carefully  taken 
from  casual  exposures  and  openings,  and,  because  of  a  pitch  of  strata 
for  which  no  allowance  was  made  in  drawing,  the  upper  two-thirds 
of  the  section  need  to  be  reduced  in  height.  The  actual  thickness 
of  strata  is,  perhaps,  300  feet  less  than  is  shown,  but  it  was  preferred 
to  give  elevations  as  obtained  by  barometer  rather  than  make  cor- 
rections from  insufficient  data.  The  lower  third  of  the  section  was 
taken  from  beyond  the  rapid  slope,  where  the  strata  lie  nearly  level. 

A  comparison  of  the  two  sections,  which  were  taken  on  lines 
only  a  few  miles  apart,  discloses  little  in  common.  By  study  in  the 
field  the  group  at  2100  feet  and  the  bed  at  3850  feet  in  the  Little 
Black  section  are  found  to  correspond  with  the  groups  at  1900  and 
3600  feet  in  the  Big  Black  section.  Beyond  this  they  cannot  yet 
be  assimilated. 

The  sections  are  presented  chiefly  to  show  the  frequency  of  the 
beds,  and,  on  Big  Black  mountain,  the  unusual  number  of  thick 
beds.  Even  this  incomplete  section  gives  ten  beds,  having  each 
over  3  feet  of  coal  and  a  total  thickness  of  coal  of  over  50  feet.  A 
full  section  would  probably  show  nearly  70  feet  of  coal. 

In  describing  the  principal  beds  numbering  is  avoided  as  liable 
to  be  confused  with  numbering  of  other  localities,  and  only  local 
names  are  used. 

The  highest  bed  of  importance  is  that  one  appearing  at  the  top 
of  the  Little  Black  section,  Fig.  1.  It  has  its  chief  development  in 
the  western  part  of  the  field,  and  though  not  easily  accessible  and 
of  comparatively  small  area,  is  especially  valuable,  and  will  prob- 
ably be  brought  into  early  use,  on  account  of  its  containing  from 
5  to  7  feet  of  exceptionally  fine  splint-coal.  It  has  been  thoroughly 
explored  in  this  western  part  of  the  field,  and  has  been  found  most 
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reliable  both  in  size  and  quality.  The  coal  is  remarkably  clean, 
mines  in  large  blocks,  like  cannel,  and,  being  light  in  ash  and  sul- 
phur, should  be  nearly  as  desirable  for  domestic  uses  as  cannel-coal. 
Its  composition  is  given  in  Table  I.  of  analyses,  further  on,  under 
the  heading  of  "High  Splint." 

Several  beds  below  this  (one  of  them  containing  a  pocket  of  cannel- 
coal)  have  not  yet  been  much  explored,  because  of  the  greater  value 
of  still  lower  ones ;  but  they  will  become  highly  valuable  as  the 
latter  are  exhausted. 

The  next  bed  requiring  especial  mention  has  also  been  thoroughly 
investigated  only  in  the  western  part  of  the  field.  It  has  been 
opened  in  Lee  county  along  the  face  of  Little  Black  mountain  about 
200  feet  above  the  base.  It  is  shown  in  the  section  at  2275.  On 
the  northern  side  of  the  mountain  it  is  mostly  below  drainage  within 
the  field-limits,  but  on  both  sides  it  shows  a-thickness  of  4J  to  6J 
feet  of  coal,  not  including  a  portion  rendered  unavailable  by  thin 
partings. 

The  bed  yields  a  bituminous  coal,  in  which  is  a  little  splint,  the 
whole  making  a  good  coke,  as  obtained  by  trials  in  open  ricks,  in 
each  of  which  3  to  4  tons  of  coal  were  burned,  covered  with  leaves 
and  dirt.  The  coal  is  even  purer  than  that  of  the  previously  de- 
scribed bed  (see  Table  II.  of  analyses,  under  the  heading  of"  Third 
Coking"),  and  it  is  not  too  dry  in  volatile  matter  for  economical 
coke-making.  The  analysis  of  the  coke  (Table  II.)  puts  it  in  the 
front  rank,  as  far  as  its  chemical  constituents  are  concerned,  and  it 
is  not  lacking  in  favorable  mechanical  conditions. 

The  excellence  of  this  coke,  the  large  area  and  satisfactory  thick- 
ness of  the  coal  and  its  moderate  height  above  the  valley  should 
lead  to  an  early  attack  upon  this  part  of  the  field,  though  to  reach 
it  a  branch  railroad  10  miles  long  must  be  built.  Still  lower  beds 
will  have  precedence  in  other  parts  of  the  field. 

Next  in  the  series  is  a  bed  varying  much  in  thickness,  often  alto- 
gether wanting,  and  probably  covering  but  little  area  with  workable 
coal.  Its  maximum  thickness,  so  far  as  yet  known,  is  about  8  feet, 
on  Mill  branch,  an  eastern  tributary  of  Powell  river.  On  Callahan 
creek,  adjoining,  it  is  known  as  a  5-foot  coking-coal  bed,  but  its 
inferiority  to  the  bed  immediately  below  it  casts  it  wholly  into  the 
shade. 

Averaging,  perhaps,  50  feet  lower  than  the  bed  just  mentioned, 
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and  300  to  350  feet  above  the  lower  conglomerate,  lies  the  "Imbo- 
den  "  bed,  the  equivalent  of  No,  3  of  Kentucky,  where  it  is  now 
well  known  as  the  "  Elkhorn  "  coking  coal  of  Pike  and  Letcher 
counties. 

It  has  been  pretty  thoroughly  exploited  over  most  of  the  Big 
Stone  Gap  field,  where  accessible  in  outcrop,  and  for  over  two  years 
has  been  mined,  on  a  small  scale,  for  supplying  the  South  Atlantic 
and  Ohio  railroad  and  local  demands  along  its  line. 

Its  outcrop  lies  along  the  base  of  Little  Black  mountain  in  Lee 
county,  but  in  Wise  county  it  generally  goes  under  drainage  2  miles 
or  more  south  from  Black  mountain,  thus  giving  exposures  along 
each  main  stream  for  a  distance  of  2  to  8  miles.  Along  Powell 
river,  from  Big  Stone  Gap  nearly  to  Norton,  it  is  found  in  the 
ends  of  the  spurs  on  the  north  from  300  to  400  feet  above  the 
river. 

Making  full  allowance  for  indentations  of  streams  and  absence  of 
the  bed  from  the  southern  part  of  the  field,  there  remains  not  less 
than  60  per  cent,  of  the  total  area  covered  by  it,  or  fully  90  square 
miles. 

This  bed  is  shown  in  both  the  sections  given  in  the  groups  at 
2100  and  1900  respectively. 

East  and  south  of  the  limits  assigned  to  the  field  the  bed  has 
comparatively  little  or  no  value;  west  of  it  the  coal  is  thicker,  but 
still  considerably  below  the  average  of  the  field  ;  but  on  the  north 
the  coal  holds  well  in  thickness  as  far  as  to  the  Cumberland  river. 

Most  of  the  openings  made  in  the  bed  within  the  field  disclose 
a  thickness  of  coal  of  over  5  feet,  varying  with  great  irregularity 
up  to  16  and  even  20  feet  of  coal.  Only  in  a  few  openings  near  the 
extremities  of  the  field  has  the  coal  been  found  less  than  4  feet 
thick.  Though  varying  so  greatly  in  thickness  along  its  hundred  or 
more  miles  of  outcrop  on  the  Virginia  side  of  the  field,  its  ample 
proportions  there,  combined  with  its  favorable  showing  along  the 
Cumberland  river,  warrant  the  assumption  that  the  main  body  of  the 
coal  under  Black  mountain  is  also  undoubtedly  of  abundant  thick- 
ness. The  excessive  thickness  has  been  found  always  within  a  few 
miles  of  Stone  mountain,  and  may  be  attributed  to  the  uplifting  of 
that  mountain  as  a  cause. 

The  following  are  some  of  the  measurements  taken  at  openings 
selected  as  representative  of  the  whole  field.  The  owners  of  the 
land  at  each  point  are  also  given  : 
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Imboden   Bed. 


Interstate  Investment  Company  and  Allies. 


Lee  County. 
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Coal, 18 

Shale,  6 

Coal, 12 

Shale, 2    Coal,.. 

'Coal, 42  jShale, 

"e,  1     , 
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Coal,.. 
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.  1 
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Pigeon  Creek. 


Virginia  Coal  and  Iron  Co. 
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Inches. 


Coal 19* 

Coal, 24 
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*  With  three  1-in.  partings. 


Total,  68  in.    Coal,  60  in. 


Kelly  Tract 
Coal  Branch. 

Inches 

Coal, 8 

Shale, 3 

Coal, 48 

Shale, 5 

Coal 16 

Shale, 7 

Coal, 22 

Shale, 4 

Coal, 20 

Shale, , 4 

Coal, 28 

Total,  165  in.  Coal,  142  in. 


Looney  Creek. 


Kellv  Tract. 
S.  A.  &0.  R.  R.  Mine. 


Coal  7  to  16  feet. 


Virginia  Coal  and  Iron  Co. 
Clarkston  Branch. 

Inches. 

Coal, 6 

Shale 4 

Coal, 64 

Total,  74  in.   Coal,  70  in. 


Preacher  Creek. 


Virginia  Coal  and  Iron  Co. 
Creech  Opening. 


Coal,  82  inches. 


Virginia  Coal  and  Iron  Co, 
Allen  Opening. 

Inches 

Coal, 47 

Shale, 4 

Coal, 18 

Shale, 1 

Coal, 13 

Shale, 2 

Coal, 15 

Shale, 1 

Coal, 12 

Slate, 3 

Coal, 29 

Total,  145  in.  Coal,  134  in. 
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V.  C 

&  Iron  Co,  at  Pioneer. 

1 

Callahan  Creek. 

Coal  7  ft.,  no  parting. 

1 

J.  J.  Kelly  Tract 

Mill  Branch, 

Coal,  7  to  10  ft.,  slight  partings. 

1 

Koaring  Folk. 

J.  J.  Kelly 
Tract. 

Virginia  Coal  and  Iron  Company. 

Main  Fork. 

Left  Fork. 

Right  Fork. 

Coal,  8  ft. 

Inches. 

Coal, 3 

Shale, 1 

Coal 3 

Shale 2 

Coal 10 

Shale, 5 

Coal, 31 

Inches. 

Coal, 28 

Shale, 13 

Coal, 13 

Shale, 5 

Coal 36 

Coal,  . 
Shale, 
Coal,  . 
Shale,. 
Coal,.. 

Inches. 

....   28 

8 

....  14 

18 

....  28 

Total,    55  in. 
Coal,      47  in. 

Total,    95  in. 
Coal,      77  in. 

Total, 
Coal, 

96  in. 
70  in. 

On  the  Cane  Patch,  an  eastern  branch  of  Roaring  Fork,  the  bed 
has  20  feet  of  coal  with  heavy  partings,  but  it  diminishes  to  about 
5  feet  on  the  eastern  head  of  the  branch  and  on  Bear  Pen  branch,  a 
mile  or  two  south.  Still  further  east,  on  the  main  head  of  Powell 
river,  the  coal  is  again  14  feet  or  more  thick,  with  a  parting  of  5 
feet,  but  here,  at  the  eastern  end  of  the  field,  it  is  too  near  the  tops 
of  the  hills  to  be  of  value. 

It  is  to  be  said  of  most  of  the  openings  made  that  they  are  merely 
surface  openings,  and  consequently  that  the  many  partings  some- 
times shown  would  undoubtedly  diminish  in  number  and  size  on 
entrance  underground.  This  has  proved  to  be  the  case  in  several 
instances  in  this  locality. 

On  the  other  hand,  a  qualification  is  also  necessary  in  regard  to 
the  extreme  thickness  which  the  bed  so  frequently  displays.  A 
middle  bench  of  this  coal  is  so  soft  that  it  is  often  impossible  to 
mine  it  except  as  slack,  and  it  has,  intimately  mixed  with  it  and  so 
abundant  as  to  seriously  affect  its  quality,  thin  particles  of  soft  shale, 
rarely  more  than  ^  inch  in  diameter.  Though  much  of  this  shale 
may  be  eliminated  by  washing,  the  cost  of  so  doing,  and  the  inferior 
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quality  of  coke  resulting,  must  detract  largely  from  the  value  of  the 
bed.  In  extreme  cases,  the  expense  of  disposing  of  the  whole  bench 
may  be  a  total  loss. 

The  thickness  of  the  bench  varies  with  considerable  regularity 
according  to  the  total  thickness  of  bed.  It  is  generally  absent  when 
the  coal  is  less  than  7  feet  thick. 

The  quality  of  the  rest  of  the  coal  throughout,  except  in  the  ex- 
treme western  part  of  the  field,  is  remarkably  fine.  Analyses  of  the 
coal  (with  that  from  the  middle  bench  excluded)  and  of  its  coke  are 
given  in  Table  11.  (p.  934),  and  for  comparison  a  table  of  analyses 
of  cokes  from  other  fields  follows  them. 

By  reference  to  these  tables  it  will  be  seen  that  the  coal  is  very 
low  in  ash  and  sulphur  (as  regards  ash,  the  results  for  Looney  creek 
and  Mud  Lick  coals  would  probably  have  been  better,  had  not  the 
samples  been  taken  from  outcrop-openings),  and  that  the  proportion 
of  volatile  matter  is  suitable  for  economical  coking  and  for  produc- 
ing a  strong  coke.  The  coal  of  the  neighboring  Pocahontas  field, 
having  but  about  1 8  per  cent,  of  volatile  matter,  loses  part  of  its  fixed 
carbon  in  coking,  and  its  coke  is  somewhat  deficient  in  strength. 

In  Table  III.  the  analyses  of  Big  Stone  Gap  coke  show  higher 
fixed  carbon  and  lower  ash  than  any  other  of  the  principal  cokes  in 
the  market,  while  the  percentage  of  sulphur  is  among  the  lowest. 
The  table  is  jjiven  with  the  knowledg-e  that  some  of  the  localities 
named  have  published  analyses  giving  better  results  than  here  ap- 
pear. "While  it  is  not  intended  to  dispute  these,  the  table  is  given 
with  confidence  in  the  high  authority  quoted.  Much  depends  on 
the  manner  of  sampling,  and  the  writer  acknowledges  that  from  his 
open-rick  tests  he  chose  the  finest-looking  coke  as  samples  for  analy- 
sis by  Dr.  Peter  (Table  II.),  though  in  the  coals  of  Table  I.  he  took 
full  working  coal-sections  fi)r  the  same  analyst,  as  is  known  to  be  the 
custom  of  Prof.  McCreath. 

In  a])pearance  the  Imboden  coke  gives  no  indication  of  inferiority 
to  any  of  the  others,  and  only  the  test  of  use  remains  to  be  applied 
to  establish  its  reputation. 

In  the  group  of  coals  lying  close  above  the  lower  conglomerate, 
apparently  massed  in  one  bed  where  found,  as  shown  in  elevation  at 
1710  in  the  Big  Black  section,  Fig.  2  (p.  927),  occurs  another  coking 
coal  almost  identical  in  character  with  that  just  described. 

It  is  above  drainage  in  the  field  for  only  a  very  short  distance 
north  from  the  base  of  Stone  mountain,  excepting  at  its  eastern  ex- 
tremity, where  a  cross-fold  has  brought  the  bed  to  the  surface  for 
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some  miles  northward.  At  all  points  except  this  latter,  where  the 
bed  is  exposed,  it  is  broken  up  into  several  thin  seams  too  thin  for 
working.  But  at  and  near  Norton  they  are  combined  in  one  bed, 
varying  from  8  to  10  feet  in  thickness,  and  having  one  to  three  part- 
ings, usually  small. 

In  this  condition  it  has  a  frontage  against  Stone  mountain  of  only 
one  mile,  extending  from  Powell  to  Gess  river.  Two  miles  north- 
ward it  has  8  feet  of  coal,  with  a  parting  of  15  inches,  and  a  mile 
beyond,  where  it  disappears  below  drainage,  it  still  shows  thick  coal. 
Apparently  it  lies  in  a  narrow  band,  cutting  diagonally  across  a 
rather  sharp  local  northeast  and  southwest  flexure.  On  either  side 
of  the  strip  two  seams  of  the  bed  rapidly  separate,  to  form  two  dis- 
tinct beds,  which,  for  an  undetermined  distance,  but  on  the  west  for 
several  miles,  contain  each  from  3  to  5  feet  of  coal. 

The  coal  is  so  like  the  "  Imboden  "  (without  the  central  bench  of 
soft  mixed  coal  and  shale)  that  a  description  of  one  will  answer  for 
the  other.  The  coke-,  from  the  open  ricks,  gave  a  little  less  fixed 
carbon  on  analysis  than  the  "  Imboden,"  but  that  is  probably  due  to 
an  accident  of  manipulation  in  coking.  The  amount  of  ash  is  re- 
markably small.  (See  Tables  I.  and  II.  under  the  heading  of 
"  Lower  Coking.") 

The  last  beds  to  be  mentioned  lie  within  the  lower  conglomerate 
series.  No  attempt  has  been  made  within  this  field  to  investigate 
any  of  the  conglomerate  beds  ;  but  two  of  them  have  been  exposed 
in  driving  a  railway  tunnel  in  Big  Stone  Gap.  The  larger  one  of 
these  is  now  hidden  by  the  tunnel-timbering.  It  contains  6  feet  of 
handsome  coking  gas-coal,  which  was  highly  appreciated  as  a  grate 
and  blacksmith's  fuel  by  those  who  had  an  opportunity  to  try  it. 
No  sulphur  was  detected  in  it. 

The  bed  outcrops  all  along  the  crest  of  Stone  Mountain  dropping 
down  to  cross  the  streams  in  Big  Stone  and  Pennington  Gaps,  but 
the  steep  inclination  of  the  strata  forming  that  mountain  will  debar 
early  attack  upon  the  bed  there,  while  throughout  the  rest  of  the 
field,  its  depth  below  drainage  of  500  (?)  feet  minimum,  will  cause  a 
like  delay.  But  the  bed  constitutes  an  important  reserve  supply,  to 
be  drawn  upon  as  the  more  convenient  higher  beds  approach  ex- 
haustion. 

Six  miles  east  of  Norton,  at  Tacoraa,  the  conglomerate  section  is 
exposed  in  strata  nearly  horizontal.  Four  beds  have  there  been 
opened  with  4  to  6  feet  of  coal  in  each,  but  it  is  impossible  yet  to 
identify  either  of  these  with  the  Stone  Mountain  beds. 
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The  following  are  tables  of  analyses  of  coals  and  cokes.  The 
beds  there  designated  as  the  high  splint  and  third  coking  refer  to 
the  first  two  beds  described.  The  others  are  the  last  two  above  the 
lower  conglomerate. 
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It  is  hardly  necessary  to  enter  into  a  computation  of  the  total 
amount  of  coal  which  may  be  produced  from  this  field.  According 
to  the  last  United  States  Census,  the  Pocahontas  field  has  yielded 
1400  tons  per  foot  thickness  per  acre;  at  Connellsville  it  is  claimed 
that  90  per  cent,  of  the  total  coal  per  acre  is  obtained,  which 
amounts  to  rather  more  than  1400  tons  per  foot  of  coal.  Assuming 
that  the  "  Tmboden  "  bed  will  yield  an  average  of  but  5  feet  of  coal, 
or  7000  tons  per  acre  over  its  90  square  miles,  a  total  amount  of 
over  400,000,000  tons  is  reckoned  to  be  available  in  this  bed  alone. 
This  is  regarded  as  a  conservative  estimate.  And  this  bed  contains 
only  a  minor  part  of  the  workable  coal  in  the  field,  of  the  area  of 
which  it  covers  but  60  per  cent.  It  will  hardly  admit  of  doubt 
that  there  need  be  no  delay  on  the  score  of  quantity  and  quality 
of  coal  and  coke  in  constructing  such  mining  plants  and  systems 
of  transportation  as  a  practically  unlimited  supply  would  justify. 

Cost  of  production  and  transportation  alone  limit  the  market  for 
this  fuel. 

As  a  basis  for  an  estimate  of  cost  of  production  the  cost  at  Poca- 
hontas, Va.,  is  given  below  as  determined  by  the  United  States  Cen- 
sus for  1890.  Unfortunately,  these  figures  have  been  so  strongly 
criticised,  and  are  so  far  at  variance  with  results  obtained  in  other 
fields,  that  they  must  be  used  with  caution.  But  the  returns  of  cost 
are  certainly  not  too  low,  and  therefore,  any  error  there  may  be  is  on 
the  safe  side. 

The  cost  is  estimated  in  detail  as  follows : 

Cost  of  One  Ton  of  Coal. 
Cost  of  mining  per  ton  of  2240  pounds,  ....     $0,375 

Dead-work  and  lianling  (evidently  including  supplies,  in- 
terest and  depreciation),     .......       0.25 

Royalty, 0.10 

Total 0.725 

Cost  of  One  Ton  of  Coke. 
Charging  ovens,     .......     .02 

Levelling  coal, *.     .032 

Drawing  coke,        >......     .20 

General  labor,        .......     .025 

Clearing  ovens, 01 

Supplies  and  Eepairs, 07 

Cost  of  coking, $0.3570 

1.6  short  tons  of  coal  (@  Iff  g  of  62J  c.) 0.8928 

General  expense, 0.0500 

Eoyalty  (fff^  X  15  c), 0.1340 

Total, 11.4338 
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The  cost  of  coke  as  deduced  from  the  returns  of  1889,  still  higher 
than  the  above  estimate,  is  given  as  follows: 

Total  amount  of  coal  coked,  517,613  short  tons.  Total  amount  of 
coke  produced,  321,686  short  tons  (giving  the  yield  of  coal  in  coke, 
62.15  per  cent.). 

Value  of  coal  used  (@  about  58.5  c,  not  55.8  c.  as  given  in 

the  Census  Report), $302,742 

Royalty  on  321,GS6  short  tons  @  13.4  c,     .         .         .        .  43,106 

Cost  of  other  materials, 8,913 

Total  wages  paid 149,727 

Total  miscellaneous  expenses, 14,084 

Aggregate  cost  of  321,686  tons  of  coke,        ....       518,572 
Average  cost  per  ton, $1,612 

The  average  value  of  the  coke  at  ovens  for  the  previous  six  years 
is  given  as  follows: 

1884, 51.948 

1885, 1.713 

1886, 2.577 

1887, 1.800 

1888, 1.782 

1889, 1.686 

The  activity  now  displayed  in  building  new  ovens  at  the  older 
Pocahontas  mines,  and  in  the  long  line  of  those  newly  opened  on 
Elkhorn  creek,  a  few  miles  farther  north,  is  conclusive  proof  of 
satisfactory  profits. 

Under  like  methods  of  mining  the  cost  of  production  at  Big 
Stone  Gap  will  not  vary  materially  from  that  at  Pocahontas.  Both 
fields  present  large  areas  which  have  as  nearly  perfect  conditions  in 
the  chief  elements  of  mining — character  and  thickness  of  coal,  ease 
of  access,  drainage  and  ventilation — as  can  be  found  in  any  com- 
peting field. 

In  cost  of  labor  these  fields  may  have  some  slight  advantage  over 
more  northern  ones,  but  its  poorer  quality  and  its  unreliability  are 
believed  to  offset  most  of  the  apparent  gain  of  lower  wages.  It  is 
to  be  hoped  that  an  early  introduction  of  mining  machinery  will  be 
made,  which,  though  it  may  more  nearly  equalize  Avhat  difference 
there  may  be  in  that  respect,  will  greatly  cheapen  the  cost  of  pro- 
duction. 

Cost  of  transportation  need  be  examined  relatively  only,  distance 
to  the  market  beintr  the  controllino-  element. 
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On  this  account  the  northeastern  markets  must  always  be  supplied 
by  the  nearer  coking  coal-fields  in  that  direction. 

Lake  Erie  ports  will  continue  taking  their  supplies  from  Con- 
nellsville  as  long  as  that  field  is  able  to  furnish  them,  but  the  enor- 
mous drain  on  it  is  rapidly  exhausting  its  small  area.  The  Poca- 
hontas field,  with  its  direct  northern  outlet  now  just  opened,  is 
favorably  situated  for  competing  in  this  direction ;  but  an  equal 
opportunity  will  be  given  to  Big  Stone  Gap  by  the  completion  of 
one  of  its  projected  railways  northward.  This  gain,  however,  will 
be  offset  by  the  consequent  development  of  the  eastern  Kentucky 
field,  and  probably  others  in  Dickinson  and  Buchanan  counties, 
Va.,  which  will  compete  with  Big  Stone  Gap  in  the  southern 
market. 

West  of  Lake  Erie,  Big  Stone  Gap  may  well  look  for  a  favorable 
market.  Under  existing  railroad  facilities,  it  is  about  equidistant 
with  Pocahontas  from  Cincinnati,  but  projected  lines  are  likely  to 
give  it  the  advantage.  The  southern  Kentucky  fields  will  compete 
in  this  direction,  as  in  the  Louisville  market;  but  the  difference  in 
distance  in  their  favor  is  too  slight  to  cut  out  Big  Stone  Gap. 

The  principal  markets  to  be  looked  to,  however,  are,  and  will 
continue  to  be,  southwest  and  south.  The  Cumberland  river  reunion 
will,  in  part,  share  in  this,  but  the  cokes  of  Middlesborough  and 
Pineville  do  not  appear  to  be  altogether  satisfactory  for  furnace  use, 
and  the  better  coke  which  may  be  had  from  the  upper  Cumberland 
has  not  the  advantage  of  position  which  pertains  to  those  places. 

Birmingham,  Ala.,  and  other  places  near  the  Alabama  fields,  will 
doubtless  continue  using  native  coke;  but  the  higher  cost  of  mining 
the  comparatively  thin  beds  there,  and  the  poorer  quality  of  coke, 
prevent  its  wide  distribution.  Chattanooga  now  consumes  a  large 
amount  of  Pocahontas  coke,  which  is  carried  424  miles  against  142 
miles  from  Birmingham.  More  than  that,  Pocahontas  coke  has 
been  used  in  Birmingham,  but  to  what  extent,  or  whether  its  use 
was  continued,  is  not  known  to  the  writer. 

Big  Stone  Gap  is  but  251  miles  from  Chattanooga,  and  that  dis- 
tance is  likely  to  be  shortened  soon.  The  northern  Alabama  mar- 
kets are  open  to  its  coke,  and  from  Chattanooga  eastward  through 
Tennessee  it  will  have  no  serious  conjpetition. 

In  this  direction  lies  its  greatest  field  of  usefulness,  for  it  is  the 
nearest  coke  to  the  great  iron-ore  deposits  in  northwestern  North 
Carolina,  to  which  direct  rail  connection  is  already  made.  To  this 
point  of  first  importance  is  to  be  added  the   fact  of  an  immense, 
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though  scattered,  supply  of  iron-ore  throughout  southwestern  Vir- 
ginia and  Tennessee. 

These  unbounded  resources  of  ore  have  been  made  so  well  known 
within  the  last  four  years  that  they  need  only  be  referred  to  now. 
They  are  evidenced  in  the  fact  that  there  are  now  over  twenty  iron 
blast-furnaces  using  coke,  or  about  to  use  it,  built  northeast  of  Bir- 
mingham between  it  and  Big  Stone  Gap  and  Bristol,  Tenn.  Of 
these,  seven  have  been  built  within  the  last  two  years  and  are  within 
100  miles  of  Big  Stone  Gap.  Five  of  them  were  built  in  reliance 
on  Big  Stone  Gap  coke  as  fuel. 


NOTE  ON  UNFBEEZABLE  D  YN AMITE. 

BY  E.  E.  RUSSELL  TRATMAN,  NEW  YORK  CITY. 

(Montreal  Meeting,  February,  1893.) 

The  use  of  dynamite  in  cold  weather  is  attended  with  some  diffi- 
culty, owing  to  the  freezing  of  the  material  and  its  consequent  lia- 
bility to  fail  to  explode  when  the  fuse  is  fired.  With  proper  methods 
and  care  the  dynamite  can  be  thawed  with  reasonable  safety,  but 
numerous  accidents  occur  (more  than  get  reported  in  the  public  press), 
due  to  carelessness  in  the  operation  and  to  the  treacherous  nature  of 
the  material,  or  a  combination  of  both  conditions.  Dynamite  will 
stand  treatment  at  one  time  which  at  another  time  will  result  in  ex- 
plosion. An  expert  on  explosives  says  that  the  most  dangerous 
means  of  thawing  cartridges  are  ingeniously  devised  by  ignorant 
laborers;  baking,  boiling  and  toasting  being  favorite  methods,  while 
at  a  stone-quarry,  in  one  instance,  an  apparatus  was  arranged  for 
steaming  the  cartridges  over  a  pot  of  boiling  water.  In  this  latter 
case  the  nitro-glycerine  leaked  through  the  canvas  cover  and  settled 
on  the  bottom  of  the  pot,  with  the  result  that  an  explosion  occurred, 
the  water  acting  as  a  tamping  to  the  charge. 

The  fact  that  small  quantities  of  explosives  containing  nitro- 
glycerine will  burn  quietly  and  without  explosion  if  ignited  by  di- 
rect contact  with  a  flame,  has  led  to  the  dangerously  mistaken  reason- 
ing that  merely  heating  the  explosive  can  produce  no  ill  effect.  If 
a  dynamite  cartridge  is  ignited  or  placed  in  a  fire  it  will  probably 
burn  harmlessly  away,  but  if  placed  on  a  stove  or  in  an  oven  and 
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gradually  heated  to  its  exploding  temperature  of  350°  to  400°  F.,  a 
violent  explosion  is  almost  certain  to  result,  while  before  that  point 
is  reached  the  dynamite  will  become  extremely  sensitive  to  shock. 

In  England  alone,  from  the  beginning  of  1872  to  the  beginning 
of  1890,  there  were  reported  63  accidents  due  to  improper  thawing 
of  dynamite,  by  which  50  lives  were  lost  and  76  persons  injured. 
Reference  may  here  be  made  to  the  explosion  of  dynamite,  December 
28,  1892,  in  a  thawing-apparatus  at  the  works  for  commencing  the 
Brooklyn  end  of  the  proposed  New  York  and  Brooklyn  tunnel, 
by  which  4  persons  were  killed  and  about  20  injured.  According 
to  report,  the  thawing  was  done  by  placing  the  cartridges  on  shelves 
in  a  chamber  6  feet  square  and  8  feet  high,  heated  by  a  coil  of 
steam-pi  j)es. 

An  unfreezable  dynamite,  invented  by  E.  Liebert,  a  German  chem- 
ist, has  been  used  to  some  extent  in  Europe,  and  has  been  favorably 
reported  upon  by  chemists  and  experts  in  explosives ;  and  it  would 
appear  most  advisable  to  test  its  practical  efficiency  in  this  country. 
The  dynamite  is  made  in  the  usual  way,  but  its  composition  includes 
a  chemical  by  which  its  freezing-point  is  lowered  from  40°  above  to 
50°  below  0°  F.,  while  the  explosive  power  is  slightly  increased  and 
the  sensitiveness  to  concussion  slightly  decreased.  This  dynamite, 
it  is  claimed,  is  not  affected  by  damp  ;  it  may  be  kept  for  consider- 
able time  without  deteriorating  or  losing  its  special  properties;  and 
its  cost  is  little,  if  at  all,  in  excess  of  that  of  ordinary  dynamite.  It 
has  been  patented  in  the  United  States. 

The  chemical  referred  to  is  isoamylic  nitrate,  which  is  added  to 
the  nitro-glycerine  or  to  the  dynamite  itself.  It  not  only  reduces 
the  freezing  point  of  the  dynamite,  but  slightly  increases  its  explosive 
power  (isoamyl  being  in  itself  explosive)  and  also  renders  it  some- 
what less  sensitive  to  shock.  Sir  Henry  Roscoe  tested  this  dynamite 
and  reported  the  invention  to  be  "of  great  value  and  importance,  as 
rendering  solidification  practically  impossible,  and  therefore  greatly 
diminishing  the  liability  to  chance  explosion  by  avoiding  the  well 
known  danger  incurred  in  melting  the  frozen  nitro-glycerine." 

The  present  note  is  designed  merely  to  call  attention  to  this  matter. 
I  hope  to  present  to  the  Institute  at  a  later  date  a  paper  containing 
more  complete  and  definite  information.  It  certainly  seems  that  if 
there  is  a  reliable  dynamite,  unfreezable  at  very  low  temperatures 
and  procurable  at  reasonable  cost,  it  should  find  a  field  for  introduc- 
tion in  the  United  States  and  Canada,  and  that  steps  should  be  taken 
to  ensure  its  introduction,  in  the  interests  of  life  and  property. 
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Discussion. 

R.  W.  Raymond,  New  York  City :  Mr.  Tratraan  has  brought 
this  matter  forward,  at  my  request,  in  a  preliminary  way  only,  so 
that  members  may  be  on  the  lookout  for  further  information  con- 
cerning it.  I  do  not  recall  any  records  of  practice  with  this  new 
dynamite.  Probably  it  is  the  invention  (or  a  further  development 
of  the  invention)  of  E.  Liebert,  patented  in  1890  (German  Impe- 
rial Patent  No.  51,022),  according  to  which  nitro-glycerine  is  ren- 
dered less  sensitive  to  shock  and  to  cold,  while  its  explosive  power 
is  increased,  by  the  addition  of  3  per  cent,  of  isoamylic  nitrate.  Or 
a  mixture  of  glycerine  with  isoamylic  nitrate  or  isoamylic  alcohol  is 
made  before  nitration  to  nitro-glycerine.  I  presume  the  dynamite  is 
then  made  from  this. 

Matthew  Penhale,  Black  Lake,  Quebec  :  The  freezing  of  dy- 
namite is  something  with  which  we  have  to  deal  in  our  cold  climate, 
and  we  have  always  found  that  the  safest  way  to  thaw  it  is  to  put 
it  in  a  box  with  perforated  shelves  or  in  any  convenient  covered 
place  through  which  we  pass  our  exhaust-steam.  We  have  never 
had  any  trouble  from  thawing  in  that  way. 

John  T.  Jones,  Iron  Mountain,  Mich. :  "We  have  a  powder- 
thawer  in  use  in  the  upper  peninsula  of  Michigan  which  has  been 
very  successful.  It  consists  of  a  square  tin  box,  with  a  series  of 
vertical  tubes  through  it,  similar  to  a  boiler.  The  space  around  the 
tubes  is  filled  with  water,  and  an  ordinary  lamp  is  placed  under  the 
vessel.  The  cartridges  are  put  into  the  tubes.  The  water  never 
reaches  a  higher  temperature  than  212°,  the  top  of  the  box  being 
open. 

Mr.  Penhale:  The  raokarock  powder,  introduced  by  the  Rand 
Company,  is  one  which  we  can  use  winter  and  summer.  The  car- 
tridge is  separate  and  the  oil  is  put  in  just  before  use.  It  is  a  very 
good  powder. 

Mr.  Raymond  :  The  apparatus  described  by  Mr.  Jones  gives 
substantially  the  same  conditions  as  the  double  vessel  employed  by 
Nobel.  The  actual  contact  of  exhaust-steam  with  the  cartridges, 
while  it  would  not  impart  a  temperature  of  more  than  212°  F., 
may  give  rise  to  dangerous  conditions  in  another  way  ;  I  mean,  that 
the  steam  may  dissolve  and  carry  off  part  of  the  nitro-glycerine  to 
deposit  it  somewhere  else,  where,  if  not  observed,  it  may  be  danger- 
ous. Thus,  in  1879,  near  Hagen,  in  Westphalia,  an  explosion  oc- 
cured  through  the  thawing  of  dynamite  cartridges  by  laying  them 
on   netting  above  a  kettle  of  boiling  water.     The  steam  extracted 
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from  the  cartridges  nitro-glycerine,  which  sank  to  the  bottom  of  the 
kettle,  and  there,  in  contact  witli  the  hot  metal,  exploded.*  As  I 
understand  it,  the  cause  of  explosion  when  frozen  dynamite  is  heated 
in  any  hut  a  gentle  and  uniform  manner  is  not  the  bringing  of  any 
part  of  it  to  the  temperature  which  will  explode  it,  but  the  gasifica- 
tion of  parts  of  the  nitro-glycerine  with  resulting  shocks,  which 
explode  the  whole  mass.  One  of  the  great  dangers  to  be  avoided 
most  vigilantly,  however,  is  the  collection  of  drops  or  films  of  nitro- 
glycerine. This  danger  is  present  in  any  apparatus  for  thawing,  as, 
indeed,  in  any  place  where  dynamite  is  stored.  We  should  be  con- 
stantly on  guard  against  seepage  or  sweating. 

At  all  events,  I  would  rather  have  a  dynamite  that  will  not  freeze 
than  the  most  perfect  thawing-apparatus  that  can  be  devised. 

W.  B.  Phillips,  New  York  City  :  Several  years  ago,  at  the 
Phoenix  mine,  in  North  Carolina,  we  had  a  lot  of  IJ-inch  cartridges 
of  40  per  cent,  dynamite,  and  having  changed  the  size  of  our  drills 
to  I  inch  or  1  inch,  we  found  it  necessary  to  repack  the  cartridges,  of 
which  there  were  1200  or  1500.  We  cut  them  open,  pounded  up 
the  dynamite  in  a  wooden  box  with  a  wooden  pestle,  and  repacked 
every  pound  in  f-  and  1-inch  cartridges  without  any  accident.  I 
myself  pounded  up  about  100  lbs.  There  was  no  trouble  except 
the  intense  headache  which  some  of  the  workmen  received,  and 
which  lasted  them  for  two  weeks.  But  if  there  had  been  any  seep- 
age of  nitro-glycerine  at  the  bottom  of  those  cartridges,  we  should 
have  had  an  explosion.  I  think  that  experience  with  hundreds  of 
cartridges  is  a  pretty  strong  indication  that  the  nitro-glycerine  seldom 
settles  out  of  dynarnite. 

Mr.  Raymond:  There  is,  undoubtedly,  a  difference  in  the  ab- 
sorptive power  of  the  different  "  dopes,"  such  as  infusorial  earth, 
mica,  sawdust,  black  powder,  etc.  Indeed,  it  was  reported  years 
ago  that  diiferent  sorts  of  infusorial  earth  held  the  nitro-glycerine 
with  differing  degrees  of  capillary  tenacity.  Moreover,  there  is  a 
wide  range  of  percentage  of  nitro-glycerine  in  dynamite.  Nobel 
began,  I  think,  with  75  per  cent.  That  to  which  Mr.  Phillips  refers 
contained  only  40  per  cent.     I  understand  that  the  base  was  sawdust. 

Geo.  L.  Woodworth,  Marmora,  Ontario:  One  of  our  workmen, 
handling  40  per  cent,  dynamite  in  the  magazine,  left  a  box  standing 
})artly  on  end  for  about  two  weeks,  after  which  I  found  that  the  oil 
had  apparently  leaked  into  the  sawdust  packing,  and  had  moistened 

*  See  Serlo's  Ba-gbaukunde,  Berlin,  1884,  vol.  i.,  p.  280. 
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the  lower  side  of  the  box.  A  small  particle  of  the  moistened  mate- 
rial, struck  with  a  hammer  upon  an  anvil,  exploded. 

Mr.  Tratman:  On  the  Croton  aqueduct  a  thawing-apparatus 
was  used,  consisting  of  a  double  wooden  box,  with  manure  packed 
between  the  two  boxes,  the  dynamite  cartridges  being  placed  in  the 
inner  box. 

W.  P.  Blake,  Shullsburg,  Wis.:  There  was  a  case  about  a  month 
ago  at  our  mine  illustrating  the  danger  of  quick  heating.  The 
miners  put  up  the  usual  amount  of  cartridges  in  a  rack,  a  certain 
distance  from  the  stove,  in  which  they  had  been  thawing  dynamite 
all  winter,  and  then  went  into  the  mine,  leaving  it  to  be  warmed 
gradually.  But  some  teamsters'  boys  coming  for  loads  of  ore,  en- 
tered the  cabin  and  made  a  roaring  fire  to  warm  themselves.  The 
presumption  is  that  they  thawed  the  dynamite  so  rapidly  (or  un- 
evenly) as  to  produce  an  explosion.  One  of  them  was  killed  and  the 
other  maimed  for  life. 

John  F.  Torrance,  Marlow,  Quebec:  Some  years  ago  we  were 
using  Xobel's  75  per  cent,  dynamite,  and  thawing  it  in  the  can  sent 
for  the  purpose  by  the  Kobel  Company — a  double  can,  with  water 
in  the  outer  and  the  dynamite  in  the  inner  space.  We  certainly 
found  on  several  occasions  an  oily  fluid  in  the  bottom  of  the  interior 
can,  and  w'e  were  very  particular  to  have  the  cans  scoured  out  fre- 
quently. I  am  quite  sure  that  Dr.  Raymond  is  correct  in  attributing 
danger  to  the  imperfect  retention  of  the  nitro-glycerine  by  the  ab- 
sorbent material. 

Mr.  Tratman  (Communication  to  the  Secretary) :  Since  my  note 
on  unfreezable  dynamite  was  written,  a  new  high-explosive,  called 
maxiraite,  has  been  brought  out  in  this  country,  and  is  claimed  to 
be  both  unfreezable  and  smokeless.  It  is  a  nitro-compound,  with 
gun-cotton  for  its  base,  and  is  the  invention  of  Mr.  Hudson  Maxim, 
who  has  had  considerable  success  with  the  manufacture  of  smokeless 
rifle-powders  from  nitro-cora pounds.  He  is  now  erecting  a  plant  for 
the  manufacture  of  the  new  explosive  on  a  commercial  scale.  Maxi- 
mite  is  said  to  be  equal  in  power  (weight  for  weight)  to  pure  nitro- 
glycerine and  nitro-gelatine,  while  10  ounces  of  it  are  equal  to  1 
pound  of  40  per  cent,  dynamite.  The  cartridges  are  fired  by  ordi- 
nary ex[)loders,  and  cannot  be  exploded  by  striking.  The  products 
of  combustion  are  mainly  carbonic  acid  gas  and  water. 

As  to  Liebert's  unfreezable  dynamite,  I  have  not  yet  been  able  to 
obtain  from  the  owner  of  the  American  patent  any  particulars  of  the 
extent  of  its  manufacture  and  use  abroad,  but  it  is  said  that  arrange- 
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ments  are  being  made  for  its  manufacture  on  a  large  scale  in  Eng- 
land. A  company  was  organized  in  London  for  this  purpose  in 
1890,  but  apparently  nothing  practical  has  yet  been  done.  Col. 
Majendie,  R.E.,  Chief  Inspector  of  Explosives  for  the  British  Gov- 
ernment, writes  to  me  that  no  explosive  of  that  name,  and  none 
claiming  to  possess  its  non-freezing  property,  has  been  placed  on  the 
official  list  of  authorized  explosives.  A  dynamite  (Von  Dahmen's) 
which  v.'as  claimed  to  possess  this  property  was  submitted  to  the  De- 
partment of  Explosives  in  1889.  Upon  due  examination  it  was  ap- 
proved, but  no  investigations  were  made  as  to  its  alleged  non-freez- 
ing property.  No  license  to  manufacture  or  import  this  dynamite 
was  ever  secured,  and  it  is  therefore  not  on  the  official  list. 

In  regard  to  the  exudation  of  nitro-glycerine  from  dynamite,  it  is 
interesting  to  note  (as  entirely  in  accordance  with  Dr.  Raymond's 
views)  that  the  official  list  above  referred  to,  in  its  description  of  all 
explosives  of  which  nitro-glycerine  forms  a  part,  distinctly  specifies 
that  the  composition  must  be  of  such  quality  as  not  to  be  liable  to 
exudation  of  the  nitro-glycerine. 


A  NEW  FORM  OF  FURNACE  FOR  ROASTING  AND 
OXIDIZING  ORES. 

BY  W.  P.  BLAKE,  MILL  ROCK,  NEW  HAVEN,  CONN. 

(Montreal  Meeting,  February,  1893.) 

This  furnace  is  designed  especially  for  the  oxidation  of  sulphur 
or  arsenic  in  pyritic  ores,  but  may  be  used  for  all  oxidizing  or  de- 
sulphurizing operations,  and  for  calcining,  roasting  and  chloridizing 
ores,  or  for  drying  ores  in  large  quantities  preparatory  to  treatment 
by  magnetic  separators  or  otherwise.  It  is  of  the  tabular,  revolving 
type,  with  automatic  feed  and  delivery,  and  is  a  modification  of  the 
Cornish  calcining  furnace,  designed  by  Brunton,  from  which  it  dif- 
fers, however,  not  only  in  construction,  but  in  two  or  more  radical 
features,  for  which  novelty  is  claimed  and  patents  have  been  applied 
for.     The  principal  of  these  novelties  are: 

1.  A  series  of  concentric  terraced  floors,  one  above  another. 

2.  The  introduction  of  superheated  air  upon  the  charge  without 
contact  with  the  fuel. 

In  the  furnace  which  I  have  had  in  operation  for  more  than  a 
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year  the  floor,  or  heartli,  is  a  circular  terraced  table,  sixteen  feet  in 
diameter,  which  is  made  to  revolve  slowly  in  a  horizontal  plane.  It 
is  covered  with  a  layer  of  fire-brick,  and  the  whole  is  supported 
upon  cast-iron  balls  running  in  a  grooved  circular  track  twelve  feet 
in  diameter.  The  surface,  as  already  indicated,  is  neither  flat  nor 
gently  sloping  from  the  center  outwards,  as  in  ordinary  revolving 
hearths,  but  is  built  up  in  a  series  of  annular  terraces  or  concentric 
circular  floors,  making  a  series  of  steps  rising  from  the  outer  edge 
of  the  hearth  towards  the  center,  as  shown  in  the  outline  sketch 
(Fig.  1),  which  is  a  vertical  section  through  the  center  of  the  hearth, 
including  also  the  dome-shaped  covering  or  roof  of  the  roasting- 
chamber  or  oven,  under  and  in  which  the  hearth  revolves,  as  also 
the  drying-floor,  dust-chamber,  fire-place  and  outlet  to  the  chimney 
or  stack.  The  dust-chamber  as  shown  is  much  contracted  in  order 
to  bring  it  within  the  limits  of  the  page. 

The  terraces  in  a  16-foot  furnace  are  18  inches  wide,  except  the 
upper  one,  which  is  4  feet  across  or  2  feet  in  radius,  and  receives  the 
ore  as  it  descends  from  the  hopper  above.  The  height  of  the  terraces 
or  steps  may  be  from  6  to  I'i  inches  or  more, according  to  the  nature 
of  the  ore  to  be  roasted.  Ploughs  or  rabbles  are  fixed  in  the  dome- 
shaped  roof,  two  over  each  terrace,  in  a  line  at  right  angles  to  the 
plane  of  Sec.  1  (see  Fig.  2).  These  ploughs  being  set  at  an  angle 
of  45  degrees,  turn  the  ore  over  in  a  succession  of  furrows  as 
the  table  revolves,  moving  the  ore  constantly  from  the  center  out- 
wards, taking  it  first  to  the  edge  of  the  central  or  highest  terrace, 
from  which  it  falls  down  to  the  next,  within  reach  of  the  next 
plough.  By  this,  after  one  revolution  of  the  table,  the  ore  is  turned 
over  into  a  furrow  or  ridge  so  as  to  lie  within  reach  of  the  next 
plough,  by  which  the  ore  is  again  thrown  off  upon  the  next  lower 
floor  or  terrace,  and  so  on  successively  until  the  ore  is  discharged  over 
the  lowest  terrace  into  a  spout,  which  delivers  the  hot  roasted  ore  into 
a  chain  belt-conveyor  or  into  an  iron  car.  The  ploughs  are  so  placed 
that  the  ore  turned  over  by  one  rests  undisturbed  until  it  has  made 
a  complete  revolution  with  the  table  before  it  is  turned  by  the  next 
plough,  or,  if  desired,  it  may  be  turned  over  at  each  half-revolution. 

Fig.  2  shows  the  discharge  of  the  ore  at  both  sides,  though  in 
practice  the  discharge  on  one  side  only  has  been  found  preferable, 
the  last  plough  on  the  opposite  side  being  omitted.  In  the  sketch 
only  one  plough  is  shown  to  each  terrace,  but  two  are  preferred. 
The  height  of  the  ploughs  is  adjusted  through  the  dome,  but  in  the 
drawing  these  details  are  not   shown,  and  for  greater  simplicity  the 


A   NEW   FORM   OF   FURNACE   FOR   ROASTING   ORES. 


945 


^ 


VOL.  XXI. — 60 


946  A    NEW    FORM    OF    FURXACE    FOR    ROASTING    ORES. 

brick-work  of  the  dome  is  shown  rather  than  the  girder  to  which 
the  ploughs  are  attached.  The  scale  of  Figs.  1  and  2  is  approxi- 
mately 4  feet  to  the  inch. 

The  hearth  is  made  to  revolve  slowly,  generally  not  over  ten  revo- 
lutions in  an  hour,  but  its  speed  can  be  varied  to  meet  the  varying 
conditions  of  the  heat  of  the  furnace  and  the  coarseness  or  fineness 
of  the  grains  of  the  ore. 

The  fire-box  for  heating  is  placed  at  one  end,  opposite  the  outlet- 
flues  of  the  chamber,  and  the  flames,  preferably  of  wood  or  of  petro- 
leum, are  allowed  to  play  freely  across  the  table,  while  at  the  same 
time  a  large  supply  of  pure  superheated  air  is  introduced  into  the 
chamber,  giving  an  atmosphere  of  great  oxidizing  power  and  causing 
the  rapid  combustion  of  the  sulphur  vapor  as  formed  and  its  removal 
as  sulphurous  acid.  In  most  forms  of  roasting-furnaces  little  or  no 
provision  is  made  for  access  of  ])ure  air  containing  free  oxygen, 
upon  which  oxidation  depends.  The  gaseous  products  of  the  com- 
bustion of  fuel  contain  but  little  free  oxygen  and  are  inert  for  oxi- 
dizing purposes.  They  dilute  and  impair  an  oxidizing  atmosphere, 
and  unless  an  excess  of  oxygen  is  present  roasting  cannot  proceed. 
Ordinarily  this  does  not  a])pear  to  be  taken  into  consideration,  and 
roasting  is  effected  more  by  the  air  which  leaks  in  at  the  doors  or 
open  spaces  than  by  the  gases  of  combustion,  which  are  presumably 
deprived  of -all  free  oxygen.  The  air  so  leaking  in  is  cold  and  vari- 
able in  quantity,  and  neither  by  its  condition  nor  by  its  position 
with  respect  to  the  charge  is  it  possible  to  obtain  good  results. 
Theoretically,  the  best  conditions  for  free  and  rapid  roasting  are  the 
requisite  heat  and  an  atmosphere  equally  heated  but  uncontaminated 
by  the  products  of  combustion.  In  practice,  however,  for  economy 
of  fuel  for  heating,  these  inert  but  hot  gases  of  combustion  may  be 
allowed  in  the  roasting-chamber,  provided  an  excess  of  hot  oxygen 
is  supplied  at  the  same  time,  which  oxygen  not  only  actively  oxi- 
dizes the  charge  of  ore,  but  also  perfects  and  completes  the  com- 
bustion of  any  fuel-gases  which  have  escaped  combustion  in  the 
fire-box,  and  which  otherwise  would  act  as  reducing  agents  on  the 
ore,  retarding  oxidation  rather  than  promoting  it. 

In  roasting  operations  generally  there  is  also  too  much  dependence 
upon  heat  for  the  removal  of  the  sulj>hur,  with  the  result,  of  course, 
that  the  sulphur  is  not  removed.  If  the  operation  proceeds  too 
slowly,  the  heat  is  raised  ;  and  to  effect  this  the  furnace  often  has  to 
be  more  tightly  closed,  thus  excluding  oxygen.  With  the  proper 
atmosphere,  roasting  proceeds  more  rapidly  at  a  lower  temperature. 
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f  we  heat  a  charge  of  pyritic  ore  and  then  introduce  a  large  volume 
of  cold  air,  we  supply  the  oxygen  but  chill  the  charge  and  check 
the  oxidation;  and  in  order  to  maintain  the  oxidation  or  combustion 
under  such  conditions  of  free  access  of  cold  air,  the  charge  must  be 
heated  much  hotter  than  will  be  required  if  we  also  heat  the  in- 
coming air.  In  this  furnace  I  have,  therefore,  not  only  made  pro- 
vision for  the  supply  of  large  volumes  of  unvitiated  air,  but  also  for 
heating  this  air  as  hot  as  the  charge  upon  which  it  is  to  act.  The 
incoming  air  being  thus  heated,  it  is  not  necessary  to  over-heat  the 
charge  of  ore,  and  the  operation  proceeds  at  a  much  lower  temper- 
ature than  is  usually  deemed  essential  in  roasting  operations. 

By  thus  dividing  the  necessary  amount  of  heat  for  rapid  oxidation 
between  the  sulphur  and  the  oxygen,  the  action  is  greatly  facilitated 
and  the  result  is  far  more  satisfactory  in  every  way ;  not  alone  in 
the  more  regular  and  perfect  oxidation  of  the  sulphur  and  the  iron 
at  a  lower  temperature  for  the  mass  of  the  charge,  but  with  less 
danger  of  fusion  or  sintering,  and  with  less  wear  and  tear  of  the 
furnace.  The  advantages  of  roasting  at  a  low  temperature  are  espe- 
cially manifested  in  the  operation  of  roasting  pyrite  when  mixed 
with  blende  and  galenite,  for  which  operation  this  furnace  was  pri- 
marily planned ;  for  by  it  I  am  able  to  effect  a  complete  oxidation 
of  pyrite  without  injuring  the  blende  and  without  fusion  of  the 
galenite.*  The  desulphurization  and  oxidation  by  this  combination 
does  not,  in  fact,  require  more  than  a  dull  red  heat,  invisible  by  day- 
light; grains  of  galenite  passing  through  the  furnace  are  delivered 
with  scarcely  a  tarnish  upon  the  cleavage-faces;  and  the  same  is  true 
of  the  blende,  though  it  is  possible  to  desulphurize  blende  in  the  same 
furnace  bv  raisinor  the  heat  and  increasing  the  time. 

For  heating  the  pure  air  I  make  use  of  the  Siemens  accumulators, 
built  in  the  usual  form  of  brick  checker-work,  in  two  chambers. 
These  accumulators  not  being  in  the  plane  of  the  section,  are  uot 
shown  in  Fig.  1,  but  they  are  placed  on  both  sides  of  the  fire-box 
and  are  heated  by  a  separate  fire.  The  inlet-ports  for  the  heated 
air  are  on  the-  same  level  with  the  opening  from  the  fire-box,  but 
are  i-ndependent  and  are  placed  at  intervals  around  half  the  circle. 

The  chambers  are  alternately  heated  and  then  opened  for  the  ingress 

*  The  furnace  referred  to  is  16  feet  in  diameter,  and  has  been  in  operation  near 
Shullsbtirg,  Wisconsin,  upon  zinc-ore  concentrates  consisting  of  a  mixture  of  blende 
and  pyrite  (variety,  marcasite),  the  object  being  to  so  lighten  tlie  pyrites  by  remo- 
val of  the  sulphur  that  a  mechanical  separation  can  be  effected,  giving  as  a  result  a 
marketable  blende. 
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of  air,  which,  after  passing  through  the  checker-work,  arrives  upon  the 
charge  in  the  chamber  in  a  nearly  red-hot  state  and  not  diluted  by 
combustion-products,  and  instead  of  cooling  the  charge  enters  at  once 
into  combination  with  the  sulphur  or  arsenic  and  increases  the  heat, 
but  without  fusion  or  matting.  With  such  an  atmosphere  of  super- 
heated air,  it  is  not  necessary  to  uSe  a  high  heat  upon  the  hearth,  and 
the  oxidation  proceeds  rapidly  and  effectively,  without  any  softening 
or  fusion  of  the  charge  or  any  destructive  action  of  the  fire  upon  the 
hearth  or  dome.  There  is  no  agglomeration  or  sticking  together  of 
the  grains  of  the  ore.  Such  a  furnace  is  very  desirable  and  needs 
but  few  repairs.  The  fire-brick  hearth  and  terraces,  which  have  been 
in  use  for  a  year,  are  still  uninjured  and  remain  as  clean  and  smooth 
as  when  put  in.  The  function  of  the  terraces  is  to  expose  more  com- 
pletely the  grains  of  pyrite  to  the  action  of  the  heated  air  by  causing 
them  to  fall  through  it,  and  thus  exposing  all  sides  at  once  to  oxida- 
tion, and  by  aiding  in  the  removal  of  the  atmosphere  of  sulphur 
vapor  which  tends  to  surround  each  particle,  especially  when  lying 
together  upon  the  hearth  of  the  furnace.  The  vapor  of  sulphur  is 
heavy,  and  tends  to  lie  upon  and  invest  the  fragments  of  the  ore, 
but  in  good  work  in  this  furnace  this  condition  does  not  exist.  The 
vapor  is  not  so  easily  removed  by  a  current  of  air  as  by  rapid  oxi- 
dation. The  hot  oxidizing  atmosphere  disposes  of  it  as  fast  as  it  is 
formed.  In  fact,  there  should  not  be  any  enveloping  sulphur  vapor ; 
it  should  be  oxidized  into  sulphurous  acid  within  the  pores  or  sub- 
stance of  the  ore,  and  this  is  accomplished  by  the  hot  oxidizing 
atmosphere.  The  falling  grains  of  ore  give  free  access  of  air  to  all 
parts,  and  an  outer  envelope  or  crust  of  porous  hematite  is  at  once 
formed.  This  may  account  for  the  fact  that  the  ore  remains  loose 
and  granular  throughout  the  operation,  and  is  discharged  without 
any  traces  of  fusion.  The  useful  effect  of  these  terraces  is  well 
shown  when  the  furnace  is  in  operation ;  before  any  part  of  the  charge 
begins  to  glow  from  combustion  of  the  sulphur,  the  grains  falling 
from  one  terrace  to  the  next  are  seen  to  heat  up  to  dull  redness  from 
the  more  rapid  oxidation. 

The  furnace  is  self-feeding.  After  the  dried  ore  is  piled  in  the 
hopper  it  descends  automatically  by  the  action  of  the  first  rabble. 
The  rate  of  feeding  depends  not  only  upon  the  speed  of  the  table,  but 
also  upon  the  distance  of  the  lower  end  of  the  feed-pipe  from  the  top 
of  the  table.  As  the  dried  ore  falls  through  the  pipe  it  forms  a 
conical  heap,  the  breadth  of  which,  at  the  base,  is  determined  by  the 
height  of  the  pipe.     The  larger  the  pile  of  ore,  the  greater  the  quan- 
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tity  turned  off  by  the  first  plough  from  the  base  of  the  conical  heap, 
and  more  ore  at  once  slides  down  to  take  the  place  of  that  so  re- 
moved. One  man  easily  attends  to  spreading  the  ore  upon  the  dry- 
ing-floor, and  keeps  the  hopper  full ;  the  furnace-table  does  the  rest. 

With  a  16-foot  table  and  a  free  burning  pyrite,  like  the  marca- 
site  of  Wisconsin,  from  10  to  20  t«ns  can  be  put  through  in  twenty- 
four  hours,  the  quantity  depending  greatly  upon  the  size  of  the 
fragments  of  ore,  for  the  finer  the  grains  the  less  the  time  required 
to  remove  the  sulphur.  In  roasting  the  pyrite  in  blende-concentrates 
containing  about  equal  parts  of  pyrite  and  blende,  20  tons  is  the 
usual  product  when  running  upon  concentrates  of  the  size  of  coarse 
sand  or  grains  of  wheat.  For  concentrates  in  which  the  fragments 
of  pyrite  are  half  an  inch  in  diameter,  a  longer  exposure  is  requisite, 
the  speed  of  the  table  must  be  reduced,  and  10  tons  is  a  fair  product. 
The  most  desirable  size,  when  working  upon  zinc-ore  concentrates,  is 
about  one-quarter  of  an  inch  in  diameter. 

A  very  important  advantage  in  this  form  of  furnace  is  the  dis- 
tribution of  the  charge  over  a  constantly-widening  area,  from  the 
center  outwards,  as  the  roasting  proceeds.  The  charge  is  spread  out 
thinner  and  thinner,  instead  of  being  thrown  together  upon  itself,  as 
in  a  revolving  cylinder,  where  the  area  exposed  to  the  action  of  the 
fire  is  not  increased,  but  remains  constant  from  one  end  of  the  cylin- 
der to  the  other. 

Very  little  power  is  required  to  turn  the  table  of  a  16-foot  fur- 
nace ;  it  moves  smoothly  and  noiselessly.  The  speed  being  under 
perfect  control,  the  time  of  exposure  of  the  charge  can  be  varied  ac- 
cording to  necessity.  If  any  of  the  grains  of  pyrite  are  delivered  at 
the  spout  only  partly  roasted,  the  speed  is  slackened,  by  which,  at 
the  same  time,  the  feeding  is  diminished. 

Some  of  the  advantages  which  this  furnace  is  found  to  possess 
may  be  briefly  recapitulated  : 

1.  Automatic  feeding,  rabbling,  and  delivery  of  the  ore. 

2.  Perfect  control  of  the  feed  and  rate  of  delivery. 

3.  The  spreading  out  of  the  charge  over  a  constantly-widening 
area  as  the  operation  proceeds. 

4.  Towards  the  close  of  the  roasting  the  ore  is  brought  nearer  to 
the  fire. 

5.  Economy  of  fuel  and  labor. 

6.  Few  wearing  parts,  and  durability. 

7.  Rapid  roasting  at  a  low  temperature. 
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BY  H.  V.  WINCHELL,  MINNEAPOLIS,  MINN.,  AND  J.  T.  JONES,  IRON  MOUNTAIN. 

MICH. 

(Montreal  Meeting,  February,  1893.) 

In  the  history  of  mining  in  this  country  tliere  has  been  nothing 
exactly  similar  to  the  Mesabi  iron-range  in  Minnesota,  and  the  con- 
ditions there  prevalent.  Soft-ore  mines  are  found  in  many  parts  of 
the  country.  In  some  the  deposits  are  vertical,  and  are  worked  in 
open  pits,  or  have  been  so  worked,  until  it  was  found  cheaper  to  go 
under  ground.  In  other  localities,  the  ore  is  scattered  through  clay 
beds  in  the  form  of  hard  lumps.  These  clay  beds  are  sometimes 
excavated  in  open  pits,  and  the  ore  separated  by  washing.  On  the 
Mesabi,  the  ore  itself  occurs  in  strata,  and  these  strata  appear  quite 
flat  to  one  standing  upon  the  ground.  The  ore  is  soft  in  the  main, 
and  does  not  require  much  sorting  to  free  it  from  foreign  or  dele- 
terious substances.  It  is  usually  covered  by  the  glacial  drift-mantle, 
but  occasionally  passes  beneath  a  capping  of  jasperoid  rock  called 
"  taconite."  The  ore  is  twice  or  three  times  the  thickness  of  the 
layer  of  drift  lying  upon  it.  This  drift  consists  of  clay,  sand,  and 
gravel,  with  occasional  beds  of  large  boulders.  There  is  great  dif- 
ference of  opinion  among  competent  miners  as  to  the  chea))e.st 
methods  of  mining  this  ore.  It  is  admitted  that  local  conditions 
will  govern  largely  ;  but  there  is  such  a  similarity  among  many  of 
the  mines  that  it  seems  possible  to  arrive  at  some  general  conclusions 
on  the  subject. 

A  typical  example  of  a  Mesabi  mine  is  found  in  the  Biwabik.  It 
is  one  of  the  largest,  and  is  the  most  advanced  in  development.  Not 
a  single  ton  of  ore  has  yet  been  shipped  from  this  mine,  but  the  ex- 
pense of  the  explorations  upon  which  the  following  description  is 
based  has  exceeded  $60,000.  It  is  seldom  that  such  accurate  and 
complete  exploration  of  a  deposit  of  this  magnitude  has  been  possi- 
ble in  the  space  of  time  which  has  elapsed  since  the  discovery  of 
this  ore-body.  It  lies  in  a  new  region,  and  was  remote  from  rail- 
roads until  last  August,  yet,  not  only  the  width  and  length  but  the 
depth  and  quality  of  the  ore-deposit  have  been  learned,  and  the  prob- 
able expense  of  mining  its  20,000,000  tons  of  ore  has  been  closely 
figured.     After  careful  consideration,  the  method  of  stripping  and 
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open-pit  mining  with  steam-shovels  has  been  adopted.  It  is  our  in- 
tention, not  to  give  any  estimates  of  the  cost  of  putting  the  ore  on 
the  cars  by  this  method,  but  to  present  sufficient  data  to  enable  the 
members  of  the  Institute  to  draw  their  own  conclusions,  and,  if  they 
so  desire,  do  a  little  figuring  for  themselves  as  to  the  comparative 
advantages  of  open- pit  and  underground  mining  for  a  deposit  of  this 
sort. 

This  mine  is  operated  by  the  Biwabik  Ore  Company,  of  Sharon, 
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Pa.,  composed  of  P.  L.  Kimberly  and  his  associates,  under  the  su- 
perintendence of  Mr.  J.  T.  Jones.  The  property  consists  of  the 
northwest  quarter  of  the  northwest  quarter  of  section  two,  the  north- 
east quarter  of  the  northeast  quarter  of  section  three,  and  the  south- 
east quarter  of  the  northeast  quarter  of  section  three,  township  58, 
range  16,  west  of  the  fourth  principal  meridian.  There  is  also  a 
tract  of  thirty  acres  in  the  northeast  quarter  of  the  southeast  quar- 
ter of  section  three,  which  is  to  be  used  as  a  dumping-ground  for  the 
stripping  which  is  taken  ofiP  from  the  ore.     The  ore-body  is  thus 
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half  a  mile  in  length,  nearly  a  quarter  of  a  mile  in  width,  and  of 
varying  thickness  up  to  100  feet. 

Developments. — The  developments  at  present  consist  of  twenty- 
three  shafts  or  test-pits  in  ore,  one  drift  or  level  extended  to  a  dis- 
tance of  50  feet  south,  and  one  150  feet  to  the  northeast  from  pit 
No.  15,  and  several  drill-holes  from  the  bottom  of  some  of  the  pits, 
as  shown  in  the  accompanying  drawings.  The  developments  on  the 
Cincinnati  property,  which  adjoins  the  Biwabik  on  the  east,  and  the 
Berringer  which  adjoins  it  on  the  west,  are  brought  into  the  drawings 
to  show  the  data  on  which  are  based  the  conclusions  there  shown  as 
to  the  extent  and  nature  of  the  ore  in  the  various  ])its. 

Plate  I.  is  a  plan  of  the  mine  showing  tlie  trend  of  the  ore-lenses 
and  the  location  of  the  pits.  It  is  shaded  to  represent  the  various 
grades  of  ore  revealed  by  test-pitting  and  careful  sampling.  These 
grades  are  further  shown  in  section  on  Plate  V  (p.  958). 

Plate  II.  is  a  plan  of  the  ground  covered  by  the  mine,  showing 
the  location  of  the  proposed  railroad  tracks.  The  kite-shaped  track 
for  stripping,  the  office  and  round-house,  are  also  shown  on  this 
plate,  as  well  as  the  loop-track  through  the  Cincinnati  to  connect 
with  the  Duluth,  Missabe  and  Northern,  and  Duluth  and  Iron 
Range  railroads. 

Plate  III.  represents  three  longitudinal  sections,  east  and  west, 
through  both  north  forties.  Fig.  1  is  taken  from  data  obtained  iu 
pits  1,  5,  11,  27,  31,  21,  and  24.  Fig.  2  is  based  on  Berringer  pit, 
No.  4,  Biwabik  pits  Nos.  26,  15,  28,  19,  25,  29,  and  30,  and  No.  2 
Cincinnati.  Fig.  3  is  from  Canton  shaft  through  17,  13,  18,  23,  22, 
Biwabik  to  No.  3  Cincinnati. 

Plate  IV.  represents  seven  transverse  sections,  drawn  from  north 
to  south.  An  examination  of  the  plate  will  show  what  pits  are  rep- 
resented on  the  various  figures. 

Plate  V.  shows  twenty-eight  shaft-sections,  shaded  to  represent 
the  grades  of  ore  seen  on  Plate  I.  The  analyses  of  the  ore,  as  sam- 
pled in  sections,  are  shown  on  this  plate.  The  phosphorus  is  given 
under  the  iron. 

Plate  VI.  shows  a  longitudinal  section  through  the  center  of  the 
proposed  track-system,  bringing  shafts  17,  26,  15,  28, 19,  25,  24,  29, 
30,  and  22  in  line,  in  order  to  show  the  amount  of  ore  that  will  be 
above  the  track  at  different  grades.  The  datum  line  A  ...  B  is 
taken  from  the  collar  of  shaft  16,  and  shows  a  stope  of  ore  34  feet 
high  at  shaft  No.  24.  The  line  A  .  .  .  C  represents  a  grade  to  the 
east  of  1|  per  cent.  This  will  give  a  face  or  stope  of  ore  70  feet 
high  when  the  steam-shovel  reaches  shaft  24.     This  plate  is  intended 
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to  illustrate  the  feasibility  of  taking  out  the  entire  body  of  the  ore 
by  open-pit  work  on  tracks  that  do  not  exceed  in  grade  IJ  or  2  per 
cent. 

Measurements. — These  plates  were  carefully  drawn  to  scale  and 
measured  with  a  planimeter.  By  the  method  of  averages,  the  cubic 
contents  of  the  deposit  are  calculated  to  equal  247,155,000  cubic 
feet.  It  has  been  taken  for  granted  that  there  are  no  "  horses  "  of 
rock  in  the  ore-body.  It  would  be  most  remarkable,  if  any  such 
exist,  that  none  of  them  should  have  been  discovered  in  any  test- 
pit  or  in  the  drifts  run  from  them.  Moreover,  it  is  learned  from  a 
study  of  other  mines  on  the  Mesabi,  as  described  in  a  former  paper 
by  one  of  the  present  writers  ("The  Messabi  Iron-Range,"  p.  644  of 
the  present  volume),  that  the  physical  character  of  the  ore  and  the 
nature  of  its  genesis  render  the  existence  of  rock  "  horses"  improbable. 

Sampling. — The  most  careful  system  of  sampling  has  been  used 
in  this  mine.  The  analyses  given  are  made  from  a  groove  1729 
feet  long,  cut  out  of  the  various  pits,  taking  impartially  the  blue, 
brown,  red,  and  yellow  ores,  as  well  as  the  paint-rock  and  sand. 
There  has  been  an  analysis  based  on  a  groove  of  1  foot  in  length 
for  every  12,000  tons  of  ore  in  the  deposit.  The  ore  has  been  di- 
vided into  six  grades,  according  to  the  results  of  these  analyses. 
The  average  determinations  of  iron  and  phosphorus  in  the  various 
pits  are  shown  in  the  following  table.  The  determinations  were 
mostly  made  by  ]Mr.  E.  E.  Brewster,  of  Iron  Mountain,  Mich. 


Analyses. 


Average  of  groove  1729  feet  long, 

No.    4,  Berringer,    . 

No.  17,  Biwabik, 

No.  26,  Biwabik, 

No.  11,  Biwabik,       . 

No.    5,  Biwabik, 

No.    1,  Biwabik, 

No.  13,  Biwabik,       . 

No.  15,  Biwabik, 

No.  28,  Biwabik,       . 

No.  27,  Biwabik. 

No.  15,  drift,  Biwabik, 

No.  18,  Biwabik, 

No.  19,  Biwabik,       . 

No.  31,  Biwabik, 

No.  25,  Biwabik, 

No.  21,  Biwabik,      . 

No.  20,  Biwabik,      , 

No.  23,  Biwabik,      . 


Iron. 
Per  cent. 

,  61.65 
61.94 
62.94 
63.27 
60.95 
61.95 
55.55 
54.17 
65.22 
65.25 
62.48 
66.20 
50.66 

,  62.68 
63.23 
62.79 
60.14 
60.02 
63.61 


Phoa. 
Per  cent. 

.052 

.050 

.089 

.040 

.075 

.097 

.102 

.066 

.023 

.021 

.060 

.023 

.148 

.052 

.051 

.031 

.065 

.078 

.031 
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No.  30,  Biwabik, 
No.  29,  Biwabik, 
No.  24,  Biwabik, 
No.    3,  Cincinnati, 
No.    2,  Cincinnati, 
No.    1,  Cincinnati, 
No.  22,  Biwabik, 


Iron 

Phos. 

Per  cent. 

Per  cent 

63.13 

.047 

63.07 

.030 

63.96 

.041 

61.65 

.031 

59.95 

.032 

54.85 

.026 

63.00 

.029 
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Average  of  all  samples  received  from  drift  in  No.  15  shaft: 

Per  cent.  Per  cent. 

Metallic  iron 66.20 

Phosphorus, 023 

Silica, 1.87 

Sesquioxide  of  iron, 94.57 

Sesqiiioxide  of  alumina, 0.86 

Sesquioxide  of  manganese, 0.23 

Lime, 0.15 

Magnesia, 0.08 

Phosphoric  acid, 0.05 

Volatile  and  organic  matter, 2.09 


Total, 


99.90 


Average  of  all  samples  above  61   per  cent,  iron  and  below  .060 
in  phosphorus : 

Per  cent.  Per  cent. 

Metallic  iron, 63.25 

Phosphorus, 036 

Silica, 2.67 

Sesquioxide  of  iron, 90.36 

Sesquioxide  of  alumina, 1.21 

Sesquioxide  of  manganese, 0.53 

Lime, 0.13 

Magnesia, 0.07 

Alkalies, 0.08 

Phosphoric  acid, 0.08 

Sulphur, 0.002 

Volatile  and  organic  matter, 4.20 


Total, 


99.332 


Tons  of  Each  Grade. 


Grade. 

Sampling 

Fe.              P. 

Cubic  ft. 
per  ton. 

Tons. 

1 
2 
3 
4 
5 
6 

Feet. 
426 

236 

75 

273 

338 

381 

66.04 
63.86 
63.94 
62.08 
61.60 
54.59 

.026 
.033 
.059 
.040 
.075 
.082 

11.912 
(( 

i< 
(( 
<< 

5,074,512 
2,811,232 
893,400 
3,251,976 
4,026,256 
4,530,572 

Total, 

1729 

1 
62.02       .052 

20,587,948 

Method  of  Mining. — By  planimeter  measurements  of  each  section, 
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the  amount  of  stripping  is  ascertained  to  be  2,893,333  cubic  yards. 
The  open-pit  method  will  be  employed  until  the  entire  deposit  is 
exhausted.  The  tracks  will  be  laid  as  represented  on  Plate  II. 
The  kite-shaped  track  will  be  of  variable  height  up  to  15  feet. 
This  will  be  the  beginning-place  to  deposit  the  stripping.  The  tracks 
are  all  of  standard  gauge.  The  side-dump  cars  will  dump  auto- 
matically when  they  reach  the  proper  place  on  the  trestle.  There  is 
a  side-plow  to  be  attached  to  the  cars  that  will  sweep  the  dump  for 
a  distance  of  8  feet  on  the  outside  of  the  track.  After  each  8  feet 
is  cleared,  there  will  be  another  rail  laid,  so  that  the  outside  rail  for 
the  former  track  becomes  the  inside  rail  for  the  latter.  The  track 
is  raised  8  inches  at  each  move,  so  that  for  every  8  feet  the  dump  is 
built  up  8  inches  to  the  south.  In  addition  to  this  there  is  a 
natural  slope  of  60  feet  to  the  surfiice  of  the  ground  in  the  distance 
across  these  two  forty-acre  tracts.  Hence  there  will  be  a  dump  of 
70  or  80  feet  when  the  southern  limit  of  the  stripping-forty  is 
reached.  This  will  give  ample  room  for  all  the  surface  material  to 
be  removed  from  the  entire  deposit. 

In  addition  to  this  the  Duluth  and  Iron  Hange  railroad,  and  the 
Duluth,  Missabe  and  Northern  railroad,  will  take  away  large  quan- 
tities of  stripping  for  ballasting  purposes.  When  the  surface  is  suf- 
ficiently removed,  the  steam-shovels  will  load  the  ore  directly  into 
the  cars  for  shipment.  The  track-system  is  planned  for  twelve 
tracks,  six  to  the  east  for  the  Duluth  and  Iron  Range  railroad,  and 
six  to  the  west  for  the  Duluth,  Missabe  and  Northern  railroad. 
These  will  be  laid  only  as  they  are  required.  The  tracks  are  now 
graded  as  far  south  as  the  round-house. 

Attention  is  called  to  the  fact  that  there  is  no  hanging-wall  to 
this  ore-body.  Any  method  of  underground  mining  must  take  into 
account  the  new  problems  presented  in  raining  a  flat  deposit  of  great 
thickness  without  a  solid  roof  or  back.  We  recognize  the  fact  that 
the  stripping-process  is  also  an  experiment,  and  that  it  is  adopted 
and  begun  in  the  face  of  general  criticism,  at  a  severe  season,  in  a 
cold  climate. 

Finally,  we  desire  to  say  to  our  incredulous  raining  brethren  from 
other  districts  that  we  predict  that  within  the  next  decade  Minnesota 
will  take  first  rank  among  the  States  in  the  production  of  iron-ore. 
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THE  DEVELOPMENT  OF  TECHNICAL  SOCIETIES. 

BY  JOHN  BIRKINBINE,    PHILADELPHIA,    PA. 

(Presidential  Address  at  the  Montreal  Meeting,  February,  1893.) 

Through  the  partiality  of  my  fellow- members  I  have  been  able, 
during  seven  years'  service  on  the  Council  of  the  American  Insti- 
tute of  Mining  Engineers,  to  note  the  development  of  technical 
societies,  a  subject  which  commends  itself  as  an  appropriate  theme 
for  me,  in  retiring  from  the  office  of  President,  at  a  time  when  we 
meet  in  convention  with  Canadian  technical  societies.  Our  next 
assembly,  called  at  Chicago  at  the  time  fixed  for  an  International 
Engineering  Congress,  offers  additional  reason  for  the  selection  of 
this  topic. 

If  subsequent  statements  appear  to  give  to  the  American  Institute 
of  Mining  Engineers  greater  prominence  than  to  kindred  organi- 
zations, they  may  be  excused  upon  the  ground  of  long  association 
with  and  loyalty  to  its  members,  and  to  a  personal  knowledge  of 
their  work.  Besides,  data  as  to  its  growth  and  development  are 
more  accessible;  and  at  a  meeting  of  the  Institute  features  connected 
with  it  may  be  considered  as  of  greater  immediate  interest  than  those 
affecting  other  organizations.  The  purpose  of  this  address  is,  how- 
ever, to  use  the  record  of  the  Institute  as  indicating  a  similar  de- 
velopment of  other  technical  societies,  rather  than  to  claim  pre- 
eminence for  any  organization ;  the  work  of  each  must  speak 
for  it. 

There  is  a  general  tendency  to  form  associations  at  the  present 
time.  Organizations  have  been  created  and  are  active  in  every 
profession  and  in  all  branches  of  labor,  trade,  industry,  commerce, 
manufactures,  science  and  art.  A  record  of  such  associations  and 
their  aggregate  membership  would  be  startling,  and  would  show 
how  large  a  percentage  of  the  population  of  North  America  is  con- 
nected with  one  or  more  of  them  ;  but  the  figures  cannot  be  even 
approximately  estimated. 

The  class  of  associations  representing  national,  state,  or  local 
trade  interests,  such  as  boards  of  trade,  chambers  of  commerce,  etc., 
may  be  used  as  an  illustration.     A    late   report  shows   that   in  the 
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United  States  there  are  over  1100  of  these,  of  which  30  are  of 
national  scope,  and  a  larger  number  represent  the  interests  of 
single  States,  or  of  districts  including  several  States,  or  portions  of 
States. 

Existing  organizations  may  be  divided  into  many  classes,  some  of 
which  are  for  mutual  benefit  in  controlling  rates,  hours,  or  character 
of  labor,  or  in  adjusting  compensation  for  work  and  materials. 
Others  provide  stipends  for  members  during  sickness  or  for  their 
families  in  case  of  death,  and  another  group  seeks  to  control  the  ser- 
vices of  persons  entering  certain  lines  of  employment,  or  fix  stand- 
ards for  determining  the  qualifications  of  such.  The  proceedings  of 
many  associations  are  carried  on  in  secret;  others  are  more  or  less 
open;  some  use  extreme  scrutiny  as  to  membership,  and  others  wel- 
come all  applicants. 

In  all  these  forms  there  is  some  good  :  any  union  for  mutual  ad- 
vancement commands  esteem ;  but  in  some  cases  the  better  element 
of  the  membership  is  hidden  or  overruled  by  selfish  purposes,  con- 
trolling the  administration  of  affairs  to  the  disadvantage  of  the 
mutual  or  progressive  features.  Probably  no  better  evidence  can  be 
offered  of  the  power  of  a  few  men  to  control  others,  or  of  the  blind 
obedience  of  the  masses  to  arbitrary  dictation  by  leaders,  than  is 
presented  by  some  of  the  temporarily  popular  trade-organizations. 

The  class,  however,  in  which  we  are  especially  interested  includes 
those  institutes  or  societies  in  which  professional  and  business  men, 
recognizing  the  value  of  the  inten-hange  of  ideas,  assemble  to  dis- 
cuss problems  and  processes;  and  while  no  comparisons  of  the  rela- 
tive merits  of  various  forms  of  organizations  wnll  be  made,  it  may 
not  seem  ungenerous  or  vain  to  claim  for  those  whose  primary  objects 
are  the  investigation  and  discussion  of  subjects  in  which  the  mem- 
bers are  interested,  and  the  publication  of  the  proceedings  or  trans- 
actions for  the  general  advancement  of  a  special  trade  or  profession, 
as  being  in  the  foremost  class  of  associations. 

The  number  of  different  societies  which  may  be  properly  assigned 
to  the  special  class  mentioned  is  greater  than  is  generally  believed. 
If,  from  the  list  of  all  kinds  of  associations,  there  were  eliminated 
the  social  or  secret  organizations,  all  others,  which  in  any  way 
attempt  to  affect  or  control  the  rate  of  wages  or  the  hours  or  kinds 
of  labor,  or  to  fix  or  adjust  prices  for  commodities,  all  strictly  com- 
mercial organizations,  and  all  those  which  offer  any  money-benefit 
to  members  or  their  representatives,  or  those  formed  to  advance  cer- 
tain sects,  parties,  nationalities,  or  classes,  there  will  still  be  found  a 
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considerable  number  of  organizations,  representing  constituencies  of 
many  thousands,  joined  together  for  the  purpose  of  mutual  advance- 
ment and  for  improving  special  professions  or  businesses  in  which 
the  members  are  engaged,  by  the  interchange  of  ideas  and  dissemi- 
nation of  thoughtful  papers  and  discussions. 

Diversified  business  or  professional  interests  encourage  a  consider- 
able number  of  persons  taking  part  in  several  associations,  more  or 
less  closely  allied,  thus  forming  many  powerful  organizations  of 
manufacturers  engaged  in  special  lines,  or  of  men  following  various 
professions.  Thus,  the  legal  fraternity  presents  a  liberal  contingent 
of  associations  representing  that  branch  of  professional  work.  Offi- 
cers and  members  of  various  churches  are  formed  into  clubs  inde- 
pendent of  synods,  classes,  assemblies,  etc.,  and  geologists,  chemists, 
journalists,  architects,  artists,  and  engineers  each  have  special  organi- 
zations. It  is  to  the  last-named  group  that  attention  is  particularly 
invited. 

Nearly  twenty-two  years  have  elapsed  since  the  American  Insti- 
tute of  Mining  Engineers  was  organized,  and  its  score  of  original 
membership  has  increased  until  the  rolls  now  contain  nearly  2400 
names,  while  the  necrological  record  shows  that  over  200  members 
of  the  Institute  have  finished  their  earthly  work.  In  this  list  of  the 
departed  are  names  of  men  who  have  done  valiant  service  in  the  in- 
terests of  mining  and  metallurgy,  whose  work  lives  and  will  live, 
and  whose  record  is  familiar  not  only  in  their  own  but  in  foreign 
countries. 

Before  the  organization  of  the  Institute,  the  United  States  con- 
tained but  one  national  engineering  society  and  but  few  local  organi- 
zations devoted  to  this  profession,  while  the  list  of  those  in 
foreign  countries  was  small.  There  are  to-day  in  the  United  States 
four  engineering  societies  of  national  character,  with  membership 
as  follows  : 

Organized.  Membership. 
American  Society  of  Civil  Engineers,  .         .        .     1866  1650 

American  Institute  of  Mining  Engineers,    .         .     1871  2400 

American  Society  of  Mechanical  Engineers,        .     1880  1650 

American  Institute  of  Electrical  Engineers,         .     1886  650 

The  scopes  of  these  national  associations  vary  to  suit  the  purpo.se 
of  organization,  and  the  policy  pursued  in  each  diflPers  from  that  of 
the  others,  being  presumably  adapted  for  the  membership,  which 
has  in  each  extended  beyond  the  limits  of  the  United  States,  em- 
bracing many  of  the  prominent  engineers  in  Canada,  Mexico,  and 
in  foreign  countries. 
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The  engineering  profession  in  the  United  States  is  therefore  well 
equipped  with  national  associations,  in  which  those  interested  in  any 
particular  branch,  or  who  desire  to  follow  a  special  line  of  inquiry, 
meet  with  others  having  similar  purposes,  for  the  reading  of  papers, 
or  for  the  discussion  of  topics  in  which  they  are  mutually  interested  ; 
while,  if  prevented  from  attending  meetings,  members  can  consult 
the  printed  transactions  for  information  as  to  what  has  been  pre- 
sented and  discussed. 

There  are  also  national  associations  closely  allied  to  engineering, 
which  have  obtained  prominence  and  rendered  much  service  to  their 
meml)ers  or  to  the  business  they  represent,  as  well  as  to  engineering, 
at  the  meetings  of  which  papers  are  presented  and  discussed,  and 
the  publications  of  which  contain  matters  of  interest.  Such  are  the 
associations  of  master-mechanics,  of  railroad-superintendents,  car- 
wheel  makers,  car-builders,  founders,  boiler- makers,  and  others. 

To  the  national  associations  are  to  be  added  a  score  of  local  or 
district  engineering  societies  or  clubs,  some  of  which  have  500 
names  on  the  roll  of  members,  possess  excellent  libraries,  issue  pro- 
ceedings regularly,  and  occupy  commodious  quarters  in  which  the 
social  intercourse  of  engineers  is  encouraged  as  an  auxiliary  to  pro- 
fessional advancement. 

The  present  meeting  indicates  that  the  Dominion  of  Canada  is 
alive  to  the  necessity  of  technical  societies.  The  Canadian  Society 
of  Civil  Engineers,  by  its  membership  of  700  and  by  its  record,  has 
earned  a  prominent  place  among  engineering  organizations;  and  the 
opportunity  is  cordially  embraced  of  meeting  with  and  learning  of 
the  General  Mining  Association  of  Quebec,  the  Mining  Society  of 
Nova  Scotia,  the  Asbestos  Club,  and  all  other  Canadian  societies 
which  meet  on  this  occasion  in  convention  with  the  American  Insti- 
tute of  Mining  Engineers. 

It  is  unnecessary  to  trace  the  history  of  foreign  associations  of 
engineers,  beginning  with  the  social  club  claimed  to  have  been  organ- 
ized by  Smeaton  about  1771,  or  enumerate  the  associations  devoted 
to  engineering  or  kindred  sciences,  as  given  in  the  Official  Year 
Book  of  the  Scientific  and  Learned  Societies  of  Great  Britain  and 
Ireland.  But  in  view  of  the  courtesies  which  in  late  years  have 
been  exchanged  between  European  and  American  engineers,  the 
active  interest  in  technical  organizations  in  Europe  will  be  recog- 
nized by  reference  to  a  few  of  the  most  powerful  and  well-known 
societies. 

The  Institute  of  Civil  Engineers  of  Great  Britain  reports  a  total 
of  all  classes  of  members  exceeding  6000. 
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The  Soe'dle  des  Inghiieurs  CivUs,  France,  has  over  1300  mem- 
bers. 

The  organization  of  Civil  Engineers  in  the  German  Empire  re- 
ports some  6000  members  aad  associates  on  its  roll,  and  the  Mechani- 
cal Engineers  have  an  association  of  about  the  same  size. 

The  Iron  and  Steel  Institute  of  Great  Britain  numbers  1500. 

The  Vet^ein  Deutscher  Eisenhuttenleute  has  over  1000  members. 
In  addition,  there  are  societies  in  Austria,  Italy,  Russia,  Sweden, 
Mexico,  Australia,  Japan,  and  other  countries. 

It  is  expected  that  delegates  from  most  of  these  associations  Avill 
take  part  in  the  Engineering  Congress  at  Chicago  in  August  next, 
an  occasion  which  should  do  much  to  advance  fraternal  feeling  and 
common  professional  interests  throughout  the  world. 

The  numerous  technical  and  semi-technical  societies  mentioned 
have  not  grown,  nor  are  they  sustained,  merely  by  the  social  features 
they  offer,  pleasant  as  these  may  be ;  their  formation  was  encour- 
aged by  a  desire  to  interchange  ideas,  and  they  are  maintained  be- 
cause of  the  benefit  to  be  derived  from  the  papers  presented  and  dis- 
cussed. 

A  past-President  of  the  British  Iron  and  Steel  Institute  refers  to 
the  visit  of  that  organization  to  the  United  States,  in  1890,  with 
sentiments  which  may  properly  be  employed  to  express  the  purpose 
and  results  of  meetings  which  various  associations  have  held  and  will 
hold  in  different  portions  of  the  world,  and  which  may  certainly  be 
quoted  on  the  present  occasion  ; 

"These  expeditions,  through  which  we  meet  eve  to  eye,  and  voice  to  voice,  our 
friendly  competitors,  to  discuss  the  interests  and  the  scientific  aspects  of  the  in- 
dustry which  absorbs  us,  have  been  of  great  personal  and  national  benefit.  It  is 
thus  we  learn  how  much  has  been  accomplislied  by  persistent  and  intelligent  labor, 
how  much  remains  to  be  achieved,  and  how,  by  free  exchange  of  ideas  and  of 
productions,  friendly  understanding  is  promoted  and  personal  acquaintance  is 
built  up." 

Those  who  have  followed  the  growth  of  the  American  Institute  of 
Mining  Engineers  not  only  recognize  its  work  in  the  contents  of  its 
Transactions,  but  trace  its  influence  and  that  of  kindred  associations 
in  advanced  work  in  laboratories  and  engineering  offices,  in  the 
growing  appreciation  of  technical  education,  in  improved  methods 
of  mining  and  metallurgy,  and  in  a  better  understanding  of  geology, 
chemistry,  and  other  sciences. 

Similarly,  much  of  the  progress  in  applied  science  is  directly 
traceable  to  other  technical  societies,  and  every  branch  of  industry 
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shows  the  good  result  of  co-0{)eration  by  those  interested  in  special 
investigations. 

In  reviewing  the  history  of  the  Institute,  it  will  be  profitable  to 
note  the  advances  made  in  some  special  branches  in  which  its  mem- 
bers are  directly  interested ;  for  the  years  covered  by  its  life  have 
been  marked  by  great  progress  in  the  quantities  of  mineral  won, 
metal  produced  and  manufactured,  and  a  very  great  decline  in  the 
prices  which  the  products  of  mine,  furnace,  or  factory  command. 
Ample  allowance  may  be  made  for  the  demands  of  a  rapidly  aug- 
menting population  or  for  governmental  encouragement  of  industry ; 
and  yet  the  claim  that  a  great  part  of  this  progress,  as  represented 
both  by  the  increased  production  and  by  the  decreased  cost,  is  due 
to  the  development  of  technical  societies,  must  be  recognized.  It  is 
certain  that  in  a  number  of  known  cases  men  have  been  better 
equipped  and  better  able  to  contend  with  the  problems  before  them, 
because  of  their  connection  with  technical  societies  bringing  to  them 
the  papers  read  and  the  discussions  had  thereon.  Much  is  un- 
doubtedly due,  also,  to  close  personal  acquaintance  and  friendship 
resulting  from  association. 

A  few  facts,  selected  from  many  which  could  be  mentioned,  illus- 
trate the  progress  made  during  the  existence  of  the  American  Insti- 
tute of  Mining  Engineers  from  1871  to  1893,  While  the  data  pre- 
sented refer  to  the  United  States,  similar  results,  although  possibly 
less  pronounced  in  some  cases,  could  be  adduced  from  other  coun- 
tries. 

The  annual  output  of  iron-ore  has  increased  from  8,000,000  to 
over  16,000,000  gross  tons,  making  the  United  States  the  largest 
producer  of  this  mineral;  while  for  the  past  decade  nearly  1,000,000 
tons  of  foreign  iron-ore  per  year  found  a  market  in  the  country. 
When  the  Institute  was  organized,  the  Lake  Superior  iron-district 
was  producing  slightly  over  800,000  tons  of  iron-ore  per  annum, 
and  had,  up  to  that  time,. shipped  an  aggregate  of  4,000,000  tons; 
it  has  now  reached  an  annual  output  of  over  9,000,000  tons,  and  in 
the  twenty-two  years'  existence  of  the  Institute  it  has  furnished  a 
total  of  70,000,000  gross  tons.  One  and  two-thirds  million  gross 
tons  of  pig-iron*  was  the  output  of  the  blast-furnaces  of  the  United 
States  at  the  birth  of  the  Institute;  last  year  shows  a  total  of  over 
9,000,000  gross  tons.f 

*  28  per  cent,  of  what  Great  Britain  then  produced. 

t  A  product  of  pig-iron  20  per  cent,  greater  than  that  of  Great  Britain  in  the 
same  year. 
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New  districts  have  been  opened,  and  sections  which  supported 
iron  industries  of  but  small  capacity  have  grown  to  be  largie  pro- 
ducers. In  the  early  days  of  this  society  the  pig-iron  output  was 
obtained  from  a  number  of  small  furnaces,  and  about  one-half  was 
made  with  anthracite  coal,  three-tenths  with  bituminous  coal  and 
coke,  and  one-fifth  with  charcoal.  Now,  three-quarters  of  the  pig- 
iron  is  produced  with  coke,  the  balance  being  divided  in  about  the 
same  proportion  as  in  1871,  between  anthracite  and  charcoal ;  but 
the  quantities  of  each  have  been  greatly  increased,  while,  owing  to 
improved  construction  and  methods,  a  smaller  number  of  furnaces 
produces  the  larger  quantity  of  pig-iron. 

The  steel  industry  has  in  twenty-two  years  developed  from  an 
annual  output  of  70,000  gross  tons  to  one  of  4,000,000  gross  tons.* 
When  the  first  meeting  of  the  Institute  was  held,  the  Bessemer  steel 
industry  was  making  its  initial  impression  on  this  continent,  while 
open-hearth  steel-manufacture  was  a  struggling  infant.  The  former 
has  advanced  from  an  annual  output  of  o5,000  tons  to  one  exceed- 
ing 4,000,000  tons,t  while  the  latter  has  grown  from  3000  tons  to 
nearly  600,000  tons  per  annum. J 

In  an  interesting  monograph  entitled  "Twenty  Years  of  Progress  in 
the  Manufacture  of  Iron  and  Steel  in  the  United  States,"  Mr.  James 
M.  Swank  says  :§  "It  seems  almost  incredible  that  as  late  as  1860 
this  country  should  have  produced  only  11,838  tons  of  all  kinds  of 
steel,  yet  these  are  the  official  government  statistics.  Our  magnifi- 
cent steel  industry  is  virtually,  therefore,  the  creature  of  the  present 
generation." 

And  yet,  with  all  these  advances  in  the  steel  industry,  with  the 
displacement  of  iron  rails  by  steel  rails,  the  rolling  of  iron  in  all 
shapes  has  increased. 

This  inquiry  might  be  carried  further,  into  the  manufacture  of 
rails,  plate-  and  bar-iron  and  steel,  nails,  the  construction  of  metal 
bridges,  ships,  cannon,  armor-plate,  locomotives,  cars,  machinery,  and 
the  great  works  filled  with  superb  appliances  for  fabricating  them. 
But  this  is  not  the  place  for  details;  and  further  reference  to  the  pro- 
duction of  iron  or  steel  will  be  confined  to  the  statement  that  a  ton 
of  pig-iron,  of  bar-  or  plate-iron,  or  a  keg  of  nails  now  sells  at  from 

*  Bringing  the  United  States  in  advance  of  the  magnificent  industry  of  Great 
Britain. 

t  A  product  nearly  double  that  of  Great  Britain. 

X  This  quantity  is  less  than  one-half  of  tlie  amount  of  open-liearth  steel  made 
in  Great  Britain.  §  Mineral  Resources  of  the  United  Slates,  1891. 
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33  to  40  per  cent,  of  what  was  received  for  it  in  1871,  while  the 
price  of  steel  rails  is  but  25  per  cent,  of  what  these  commanded  at 
the  date  mentioned. 

In  1871  the  greatest  depth  which  had  been  reached  in  any  of  the 
copper-mines  of  the  Lake  Superior  region  approximated  1000  feet, 
and  the  price  per  pound  for  copper  was  thirty  cents  and  upwards. 
It  was  then  impracticable  to  work  any  of  these  mines  which  did  not 
produce  a  mineral  carrying  2  per  cent,  or  more  of  copper.  At  the 
present  time  there  are  mines  in  that  district  4000  feet  deep;  and 
although  copper  sells  for  twelve  cents  per  pound,  mineral  yielding 
six-tenths  of  1  per  cent,  of  copper  is  raised  from  a  depth  of  2000  feet, 
crushed,  jigged,  delivered  at  refiuing-works,  and  sold  at  a  moderate 
profit  on  the  operation. 

In  the  interval  the  magnificent  copper-deposits  of  Montana  and 
Arizona  have  been  developed,  the  former  taking  first  place  as  a 
producer,  with  the  Lake  Superior  region  second ;  and  the  total  pro- 
duction of  the  United  States,  342,000,000  pounds  of  copper  annu- 
ally, is  now  five  times  what  it  was  in  1871.  In  addition,  the  im- 
portant discoveries  and  exploitation  of  copper-  and  nickel-deposits  in 
the  Sudbury  district  of  Ontario,  Canada,  which  have  justly  at- 
tracted widespread  attention,  deserve  notice  as  factors  materially 
influencing  the  output  of  copper. 

The  life  of  the  Institute  has  seen  the  development  of  the  heroic 
method  of  working  gold-gravels  by  hydraulic  mining  and  also  its 
decline,  owing  to  legislation  prohibiting  tailing  into  the  streams  of 
California,  which  reduced  the  output  of  gold  some  $10,000,000  per 
year.  Although  the  hydraulic  system  was  used  in  1852,  it  was  not 
until  1870  that  the  first  large  "  inverted  siphon  "  was  introduced  in 
the  gold-gravel  section  of  California,  and  in  1876  the  "deflector" 
was  added  to  facilitate  the  handling  of  the  "  little  giants."  Under 
favorable  conditions  gold-gravel  has  been  treated  by  the  hydraulic 
system  for  three  cents  per  cubic  yard. 

In  the  treatment  of  gold-ores  by  chlorination  advance  has  been 
made  bq^h  in  reducing  the  cost  and  in  working  to  a  close  extraction. 
Barrel-chlorination  has  supplemented  vat-chlorination,  and  late  cost- 
sheets  show  favorable  results  for  the  former. 

The  liberal  introduction  of  vanners,  and  the  consequent  saving  of 
the  pyrites  which  is  nearly  always  present,  may  be  cited  as  another 
important  change. 

Pan-amalgamation  for  silver-ore  has  been  improved  and  cheap- 
ened, and  silver-lixiviation  has  made  important  advances,  while 
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silver-lead  smelting  has  been  greatly  developed.  In  1871  there 
were  few  snielting-plants  west  of  the  Mississippi.  Now  magnificent 
smelting-plants  are  operated  at  St.  Louis,  Kansas  City,  Denver, 
Pueblo,  Omaha,  Salt  Lake  City,  El  Paso,  Leadville,  Helena,  Great 
Falls,  Taeoma  and  elsewhere. 

The  so-called  "practical"  smelter  has  given  way  before  the  chem- 
ist and  the  experienced  lead-metallurgist.  Cleaner  and  better  work 
is  now  done  than  formerly,  lower-grade  lead-ores  are  utilized,  and 
lead-slags  made  in  1878  are  now  being  reworked. 

Direct  matte-smelting  is  another  innovation,  and  while  much  has 
been  done  in  concentration,  this  field  is  still  very  promising.  In 
the  time  under  discussion  the  annual  output  of  silver  in  the  United 
States  increased  in  value  from  $16,000,000  to  $75,000,000. 

In  a  former  address  attention  was  drawn  to  the  growth  of  the  coal- 
industry.  It  is  only  necessary,  therefore,  to  refer  to  the  distribution 
and  the  production  of  mineral  fuel,  increasing  five-fold  since  1871, 
and  reaching  an  annual  total  of  150,000,000  tons,  of  which  practi- 
cally one-third  is  anthracite  and  two-thirds  bituminous,  while  in 
1871  nearly  equal  portions  of  the  two  kinds  of  fuel  were  mined. 

In  the  interval  of  time  covered  by  the  records  of  the  Institute 
power  drills  and  high  explosives  have  become  necessities  of  mining; 
electricity  has  risen  from  a  laboratory  experiment  or  a  means  for 
operating  telegraph  lines  to  universal  usefulness  for  light  and  in 
many  cases  for  power,  and  aluminum  has  entered  the  list  of  practi- 
cally useful  metals. 

Such  is  the  glimpse  we  obtain  by  looking  backward,  and  if,  as  has 
been  claimed,  much  of  this  progress  may  be  properly  credited  to  the 
influence  of  technical  societies,  a  glance  forward  may  be  permissible; 
for  the  end  is  not  yet,  and  further  increase  in  the  number,  member- 
ship and  importance  of  technical  associations  may  be  expected. 

Each  society  will,  in  generous  rivalry,  employ  the  best  means  for 
securing  the  highest  results  to  be  derived  from  organization.  In 
view  of  the  past,  and  recognizing  that  but  a  small  proportion  of 
those  connected  with  any  technical  society  can  attend  its  meetings, 
the  line  of  advance  seems  to  be  in  the  direction  of  maintaining  a 
high  standard  for  the  Transactions. 

The  purpose  of  meeting  together  is  but  partially  fulfilled  by  the 
pleasures  of  personal  intercourse,  by  warm  welcomes  and  generous 
entertainment,  by  visits,  under  advantageous  conditions,  to  indus- 
tries or  mines,  and  by  the  reading  of  papers;  for  there  is  much 
profit  in  full  discussion  of  many  of  the  topics  presented. 

The  discussions  which  should  follow  the  presentation  of  most 
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papers  make  the  contributions  more  valuable,  and,  as  a  rule,  bring 
out  information  which  the  original  does  not  contain.  The  papers 
are  thus  made  more  useful,  not  only  by  reason  of  these  additions, 
but  also  because  discussions  upon  the  statements  of  the  writers  give 
to  these  greater  weight.  If  statements  are  unchallenged  in  such 
discussions,  the  conclusion,  ordinarily,  would  be  that  the  premises 
upon  which  they  are  based  are  sound.  On  the  other  hand,  discus- 
sions which  might  probably  appear  to  challenge  the  data  contained 
in  papers  do  not,  necessarily,  condemn  them,  but  may  cause  them 
to  be  so  modified  as  to  be  of  greater  value  than  as  originally  pre- 
sented. 

There  may  be  either  oral  or  written  discussion.  Some  organiza- 
tions follow  the  practice  of  printing  papers  in  full  prior  to  the  meet- 
ings, and  reading  the  papers  in  abstract,  making  the  discussions  the 
prominent  features.  Others  have  papers  read  in  extenso,  followed 
by  oral  debate,  but  the  discussions  are  often  less  complete  than  is 
desired.  The  time  allotted  to  sessions  seldom  permits  the  reading 
of  long  papers  and  allotting  unlimited  hours  to  the  discussion,  yet 
in  many  contributions  presented  there  are  some  features  which  need 
not,  and  others  which  should  not,  be  read  in  the  sessions.  Analyses, 
tables,  statistics,  etc.,  placed  upon  the  black-board,  issued  in  proof 
form,  or  exhibited  by  diagram  or  by  lantern- slide,  can  be  more 
readily  grasped  by  the  audience,  and  valuable  time  is  saved 
besides. 

A  considerable  proportion  of  the  papers  presented  before  technical 
societies  are  not  such  as  to  invite  debate,  but  those  offering  points 
for  discussion  should  be  discussed  ;  and  if  members  who  attend  the 
meetings  are  prepared  to  respond  promptly,  confining  the  discussions 
within  limited  time  and  closely  following  the  scheme  of  the  papers, 
a  large  amount  of  valuable  information  can  be  imparted.  The 
character  and  extent  of  discussions  lie  not  with  the  officers  of  the 
organization,  but  with  the  members,  and  the  subsequent  value  of 
the  publication  is  likewise  dependent  upon  the  promptness  and  care 
which  characterize  the  revision  of  the  subject-matter  by  individuals 
who  participated. 

Believing  that  future  advances  in  technical  societies  will  be  influ- 
enced by  the  publication  of  well-digested  monographs,  and  by  lib- 
eral encouragement  of  discussions  upon  the  papers  read,  it  seems  to 
be  better  policy  to  print  a  small  number  of  papers  fully  discussed, 
than  to  merely  issue  a  large  amount  of  material  offering  controver- 
sial data  without  discussion. 

Oral  discussions  offer  the  advantage  of  being  more  attractive  and 
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interesting  to  those  attending  meetings  than  the  written  discussions, 
while  the  latter  are  generally  more  carefully  prepared  than  the  ex- 
temporaneous statements  made  when  the  members  are  in  convention. 
But  points  are  often  omitted  in  written  discussion  which  would  be 
brought  out  under  the  spur  of  personal  contact,  and  members  are 
less  likely  to  take  part  in  written  than  in  oral  discussions. 

The  late  Hon.  James  G.  Blaine,  writing  on  the  growth  of  reports 
of  Congressional  debates,  makes  some  interesting  statements,  which 
are  quoted  below,  not  with  the  intention  of  intimating  any  close 
analogy  between  the  Congressional  debates  and  technical  discussions, 
but  rather  in  advocacy  of  the  plan  of  initial  oral  discussion,  supple- 
mented by  written  data. 

Mr.  Blaine  says  : 

"  In  the  beginning  of  the  government,  and  for  many  years  thereafter,  on  every 
important  measure  that  came  before  the  Congress  of  the  United  States,  on  the  ex- 
pediency of  which  the  members  differed  in  opinion,  there  was  an  actual  debate,  in 
wliich  positions  were  affirmed  and  contested  with  off-hand  speech.  In  every  con- 
flict of  this  kind  the  members  of  Congress  were,  as  a  rule,  in  their  treats,  many 
taking  part,  and  the  mass  so  interested  as  to  sit  continuously  through  the  de- 
bates." 

After  illustrating  how  the  habit  of  speech  has  greatly  changed  to 
the  general  use  of  manuscript  discussions,  read  to  many  vacant 
chairs  (extending  in  one  House  of  Congress  to  giving  permission  to 
print  speeches,  not  one  word  of  which  has  been  delivered),  Mr. 
Blaine  mentions  the  Fiftieth  Congress,  which  lasted  from  March  4, 
1887,  to  March  4,  1889,  and  says : 

"In  an  uneventful  period,  with  nothing  specially  to  excite  or  disturb  the  coun- 
try, the  number  of  pages  filled  by  the  proceedings  of  a  single  Congress  is  greater 
than  during  the  whole  period  of  the  Civil  War,  with  all  its  mighty  issues  at 
stake." 

In  a  comprehensive  and  most  suggestive  comparison,  he  observes 
that : 

"The  Congressional  reports  for  the  last  twenty-five  years  contain  in  volume  of 
printed  matter  60  per  cent,  more  than  all  the  reports  for  the  seventy-six  years 
from  the  inauguration  of  Washington,  in  1789,  to  the  close  of  the  Civil  War,  in 
1865." 

It  may  be  unfair  to  compare  political  debates  and  technical  dis- 
cussions, and  the  above  is  not  introduced  with  any  such  object.  TPle 
extracts  are  merely  quoted  to  indicate  the  interest  which  attaches  to 
oral  discussion,  drawing  to  the  meetings  members  anxious  to  hear  or 
to  participate,  and  eliciting  a  variety  of  opinions  which  would  not  be 
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obtained  under  other  circumstances.  Snch  interest  once  excited  may 
draw  into  the  discussion  persons  wlio  are  not  present,  and  thus  gain 
the  advantage  of  subsequent  written  discussions. 

The  papers  presented  at  the  meetings  of  technical  societies,  and 
the  discussions  on  these  papers,  supply  a  record  of  progress  such  as 
it  would  be  impracticable  to  obtain  from  any  other  source,  and  place 
in  the  libraries  of  members  a  fund  of  knowledge  which  otherwise 
could  only  be  secured  by  liberal  personal  outlays  for  expensive 
books.  Without  in  any  way  detracting  from  the  value  and  import- 
ance of  text-books  upon  technical  subjects,  it  may  be  safely  asserted 
that  it  is  im))ossible  for  such  treatises  to  be  as  closely  up  to  the 
times  as  the  Transactions  of  technical  societies.  When  such  trans- 
actions are  comprehensive,  carefully  edited  and  printed,  and  thor- 
oughly indexed,  it  is  not  too  much  to  say  that  every  member  acquires 
an  encyclopaedic  library  as  part  compensation  for  his  outlay  in  sup- 
port of  the  society. 

Another  important  influence  is  exerted  by  papers  and  discussions 
through  the  publicity  given  to  them  by  the  trade  and  technical 
press.  It  has  been  asserted  that  members  of  engineering  associa- 
tions devote  their  energies  to  papers  to  be  read  before  the  technical 
societies,  which  otherwise  would  be  contributed  directly  to  the  tech- 
nical press ;  but  it  is  questionable  whether  in  this  particular  the 
press  at  large  is  not  the  gainer,  although  possibly  a  limited  number 
of  special  contributions  may  be  lost ;  for  the  incentive  to  submit 
papers  for  the  criticisms  of  fellow-members  increases  the  number  of 
available  contributors,  and  educates  many  to  write  for  publication 
who  would  otherwise  be  silent. 

An  effort  has  been  made  to  show  the  remarkable  development  of 
technical  societies,  giving  some  reasons  therefor;  and  the  claim  has 
been  made,  which  seems  to  be  within  reason,  that  the  broader  senti- 
ment which  has  caused  engineers  to  unite  in  associations,  is  respon- 
sible for  a  large  share  of  the  industrial  advance  which  has  been 
made.  The  suggestions  as  to  the  future  increase  of  these  asso- 
ciations, and  the  most  advantageous  means  of  obtaining  from  them 
the  full  value  which  they  offer,  may  be  open  to  criticism,  but  they 
are  offered  after  a  careful  review  of  the  work  of  numerous  engineer-, 
ing  societies,  backed  by  a  personal  knowledge  of  some  most  impor- 
tant results  which  have  followed  the  presentation  and  the  active  dis- 
cussion of  the  papers  presented  at  such  meetings  as  the  Sixty-Fourth 
of  the  American  Institute  of  Mining  Engineers,  upon  which  we 
now  enter. 
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THE  MANUFACTURE  OF  CHABCOAL-IBON'  FROM  THE 
BOG-  AND  LAKE- ORES  OF  THREE  RIVERS  DIS- 
TRICT, PROVINCE  OF  QUEBEC,  CANADA. 

BY  P.    H.    GRIFFIN,    M.E.,   BUFFALO,    N.    Y. 

(Montreal  Meeting,  February,  1893.) 

The  manufacture  of  iron  in  the  Province  of  Quebec  forms  one  of 
the  most  interesting  subjects  in  the  development  of  this  great  indus- 
try in  America.  It  began  soon  after  the  first  steps  taken  in  the  New 
England  colonies,  where  iron  was  first  practically  made  in  America. 
In  both  cases  the  ores  smelted  were  bog-ores.  In  Quebec  the  first 
work  was  done  in  and  about  the  town  of  Three  Rivers,  and  many 
interesting  facts  in  connection  with  the  development  of  this  industry 
may  be  found  in  the  paper  read  at  the  Halifi\x  meeting,  September, 
1885,  by  Mr.  James  Herbert  Bartlett,  of  Montreal,*  which  traces 
the  industry  from  its, inception,  about  1730,  down  to  1883,  at  which 
time  the  St.  Maurice  forge  is  declared  to  be  the  oldest  active  furnace 
on  the  American  continent. 

A  few  years  later  the  Canada  Iron  Furnace  Company,  Ltd., 
became  interested  in  the  enterprise,  the  extent  of  which  has  been 
greatly  enlarged  beyond  all  former  limits.  In  fact,  the  manufacture 
of  this  particular  class  of  iron  has  never  been  attempted  on  the 
scale  now  practiced  by  this  company.  This  work  has  been  carried 
on  for  the  purpose  of  supplying  a  grade  of  iron  hitherto  procurable 
only  at  heavy  cost  for  Canadian  consumption  from  the  United 
States,  and  for  English  consumption  from  Sweden. 

The  manufacture  of  iron  in  the  Province  of  Quebec  was  based 
entirely  on  bog-ores  during  the  period  referred  to  ;  and  as  the  supply 
of  iron  made  elsewhere  from  cheaper  ores  became  more  abundant, 
the  local  manufacture,  handicapped  by  want  of  shipping  facilities, 
lack  of  capital,  and  other  natural  causes,  was  gradually  discontinued. 
It  was  always  admitted  that  for  certain  purposes  the  iron  made  in 
the  Province  possessed  special  value;  but  the  demand  for  articles 
requiring  such  special  virtue  was  limited,  and  cheaper  grades  were 
gradually  substituted  for  general  uses. 

Some  years  ago   we  were  led  to  test,  in  our  car-wheel  shops  at 

*  Trans.,  xiv.,  508. 
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Lachine  and  St.  Thomas,  a  Canadian  charcoal-iron,  the  product  of 
an  antiquated  stone  stack  situated  at  the  village  of  Fermont,  or 
Radnor  Forges,  Charaplain  county,  Quebec.  We  were  told  that 
this  iron  was  made  from  the  bog-  and  lake-ores  of  the  Three  Rivers 
district,  celebrated  in  the  history  of  the  Canadian  iron  industry,  and 
that  it  had  peculiar  merit  in  strengthening  mixtures  for  car-wheels 
and  other  high-class  castings.  At  that  time  we  were  using  largely 
"Selected  Salisbury"  charcoal-iron,  imported  at  heavy  cost  from  the 
United  States.  We  were  loath  to  make  any  change  in  our  mixtures 
as  we  had  always  pursued  a  most  conservative  course  in  the  selection 
of  iron  entering  into  our  wheels,  but  we  finally  decided  to  enter 
upon  a  series  of  careful  tests  with  Three  Rivers  Canadian  iron. 
Several  trials  proved  that  it  was  an  iron  of  undoubted  merit,  which 
if  the  ore  and  wood  supplies  of  the  district  warranted,  could  and 
should  be  made  in  large  quantities,  not  alone  to  the  advantage  of  the 
parties  operating  the  furnace,  but  to  the  advantage  of  every  con- 
sumer of  iron  in  Canada  who  required  castings  of  special  quality, 
and  certainly  to  the  great  gain  of  the  Province  and  Dominion.  We 
found  the  iron  soft,  tough,  clean,  close  in  texture  and  possessed  of 
fine  chilling-qualities — the  higher  grades  admirably  adapted  for  the 
manufacture  of  chilled  car-wheels,  the  medium  grades  for  castings 
requiring  great  strength,  and  the  lower  grades  soft  enough  for  the 
finest  stove- work.  To  give  some  idea  of  the  strength  shown  in  these 
tests  we  give  the  following  results  of  our  experiments  : 

The  basis  of  comparison  for  first-class  standard  car-wheel  mixtures 
is  50,000  pounds  per  square  inch  transverse  strength,  as  shown  by 
a  1-  by  12-inch  bar,  1  inch  square  by  12  inches  long,  and  supported 
on  the  extreme  ends.  By  the  introduction  of  33  per  cent,  of  Three 
Rivers  iron  into  our  car-wheel  mixtures  we  were  able  to  secure  a 
strength  of  65,000  pounds  without  difficulty.  It  was  impossible, 
however,  to  procure  any  large  or  regular  supply  of  the  iron,  the 
capacity  of  the  old  Radnor  furnace  being  limited  and  its  operation 
irregular. 

We  did  not  then  think  it  possible  to  develop  the  manufacture  of 
any  great  quantity  of  this  special  iron  ;  but  we  did  prove  to  our 
satisfaction  that  with  proper  arrangements  a  considerable  quantity, 
say  3000  to  5000  tons,  could  be  made  annually,  with  every  prospect 
of  the  maintenance  of  this  product  for  many  years.  As  will  be 
explained,  later  work  has  developed  the  fact  that  this  iron  can  be 
made  in  very  much  larger  quantities,  probably  sufficient  for  any 
demand  that  may  be  made. 
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A  thorough  investigation  made  to  determine  the  extent  of  the  ore- 
deposits  in  the  Three  Rivers  district  and  vicinity,  and  the  depen- 
dence which  could  be  placed  upon  the  supply  of  wood  for  charcoal- 
making,  proved  satisfactory;  and  in  August,  1889,  we  purchased 
the  entire  plant  and  lands  of  the  existing  company,  including  the 
village  of  Fermont  or  Radnor  Forges,  situated  on  the  Piles  Branch 
of  the  C.  P.  Railway,  a  village  of  some  sixty  houses,  with  a  popula- 
tion of  350  to  400  people,  and  also  a  large  property  at  the  town  of 
Grandes  Piles,  with  lands  on  both  sides  of  the  St.  Maurice  river, 
giving  us  control  of  the  great  water-power  of  the  Grandes  Piles  falls. 
The  St.  Maurice  river  is  navigable  for  70  miles  above  Grandes  Piles, 
and  drains,  with  its  branches,  some  200,000  square  miles,  covered 
with  the  finest  timber  for  charcoal-making  and  with  invaluable  beds 
of  bog-  and  other  ores.  The  purchase  also  included  the  Three 
Rivers  property,  situated  on  the  St.  Lawrence  river,  with  railroad 
and  dockage  facilities  for  future  use,  besides  a  large  amount  of  other 
property.  Further  investigations  were  at  once  commenced  in  all 
directions  looking  to  the  supply  of  ore  to  be  depended  on  and  about 
one  year  was  spent  in  prosecuting  this  work,  making  leases  and  pur- 
chases to  secure  the  company  in  its  further  development.  During 
this  period  the  old  furnace  was  operated  with  such  improvements  as 
could  be  made  upon  it,  for  the  purpose  of  ascertaining  further  by 
our  own  practice  the  possibilities  of  the  metal.  In  the  meantime 
arrangements  for  the  supply  of  ore,  wood,  etc.,  had  progressed  to  the 
point  where  the  erection  of  a  new  furnace  of  large  capacity  and  im- 
proved construction  could  be  undertaken.  In  the  early  stages  of  the 
work  it  was  contemplated  to  erect  a  furnace  of  20  to  25  tons  capacity 
at  Radnor  Forges  for  the  manufacture  of  this  special  iron ;  but  the 
possible  supply  of  raw  materials  proved  to  be  so  much  larger  than 
anticipated  that  a  larger  furnace  was  decided  upon  ;  and  plans  were 
made  for  one  of  50  tons  daily  capacity.  A  furnace  giving  this 
product  is  quite  a  small  affair  compared  with  the  great  furnaces 
running  on  common  ores  throughout  the  world,  but  it  must  be 
remembered  that  the  product  is  of  a  special  class  and  the  develop- 
ment of  this  particular  work  was  of  necessity  conducted  on  moderate 
lines.  As  it  is,  a  charcoal  furnace  running  exclusively  on  bog-ores, 
and  turning  out  50  tons  of  metal  ])er  day,  is  a  thing  not  to  be  found 
elsewhere  in  the  world,  if  my  information  on  these  matters  is  correct. 

The  manufacture  of  iron  from  bog  ores  has  been  carried  on  for 
many  years  in  Sweden,  and  the  bar-iron  and  steel  made  from  it 
needs  no  comment  or  praise.     Swedish  bar-iron  is  known  the  world 
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over;  and  Swedish  pig  is  the  basis  of  nearly  all  the  famous  steels 
made  in  England  and  other  countries.  Of  late  years  there  has  been 
a  falling  off  in  the  quality  of  Swedish  pig-iron  ;  and  English  makers 
have  in  vain  offered  higher  prices  for  the  quality  furnished  them  in 
the  past.  Reliable  authorities  ascribe  this  deterioration  to  the  grad- 
ual increase  in  the  output  of  Swedish  furnaces  and  to  the  introduc- 
ticm  of  common  ores  to  that  end.  Whether  it  is  possible  to  found 
in  Canada  an  industry  that  will  produce  an  iron  equal  to  the  old 
Swedish  or  not,  is  the  question  ;  and  to  this  end  a  consideration  of 
the  supply  of  bog-ores  is  pertinent. 

Bog-ores  are  found  in  nearly  all  countries  to  a  greater  or  less  ex- 
tent, but  they  do  not  often  occur  in  quantities  sufficient  to  make 
their  working  practical.  The  quantity  of  bog-ores  in  Quebec  caui- 
not  be  stated  in  definite  figures,  but  our  thorough  investigations 
prove  it  to  be  very  large.  All  the  bog-ore  used  prior  to  our  opera- 
tions was  taken  from  the  country  within  3  or  4  miles  from  the  fur- 
nace as  a  center.  We  find  it  entirely  practicable  to  bring  ore  75  to 
100  miles  by  establishing  depots  for  the  accumulation  of  stocks, 
from  which  shipments  can  be  made  by  rail  in  large  quantities.  The 
district  to  which  special  reference  is  here  made  may  roughly  be  said 
to  extend  from  northeast  of  Quebec  city  to  west  of  Ottawa,  a  dis- 
tance of,  say,  400  miles  long  by  40  to  60  miles  wide.  Bog-ore  is 
found,  however,  throughout  a  much  wider  range.  The  northern 
limit  of  this  district  is  the  Laurentide  range  of  mountains,  and 
throughout  the  whole  of  this  range  iron-ore  seems  to  exist,. generally 
mixed  with  the  rock.  The  general  formation  is  such  that  it  favors 
strongly  the  natural  forces,  weather,  etc,  in  the  disintegration  of  the 
rock,  and  its  reduction  by  attrition.  The  latter  produces  principally 
the  fine  iron-sand,  found  not  only  along  all  the  river-beds,  but 
throughout  the  entire  formation,  sand  or  clay,  of  this  and  adjacent 
counties;  and  to  this  attrition,  without  doubt,  the  immense  iron- 
sand  deposits  of  Moisic  and  the  lower  St.  Lawrence  are  due.  Owing 
to  the  presence  of  titanium — which  is  present  more  or  less  in  all 
Laurentian  ore — this  sand  seems  to  possess  the  peculiar  property  of 
resisting  the  disintegration  by  natural  decay,  to  which  many  other 
ores  are  liable. 

Beds  of  hard  bog-ore  are  invariably  found  on  bill-sides  above 
which  swamps  or  marshes  exist,  or  in  runs  which  lead  to  or  from 
these  swamps.  Wherever  the  dark  swamp-water  flows  sluggishly, 
and  especially  where  swamp-moss,  fine  grass  or  decayed  vegetable 
matter  is  present,  there  is  formed  a  light  film  like  that  caused  by 
VOL.  XXI. — 62 
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oil,  which  gradually  becomes  thicker  and  sinks  to  the  bottom  in 
some  quiet  spot,  where  it  takes  a  yellowish  and  slightly  rusty  tinge. 
This  slowly  thickens,  and  when  the  water  becomes  lower  in  the  dry 
summer,  it  becomes  denser  and  either  sinks  lower  to  the  firmer  beds 
below  the  grass,  or  hardens  and  becomes  bog- ore.  One  very  large 
deposit  of  soft  ore  found  by  us  entirely  filled  a  deep  ravine  leading 
from  an  immense  swamp.  This  ravine  was  being  drained  with  a 
view  of  removing  the  ore  for  the  purpose  of  making  metallic  paint. 
To  all  appearance  it  was  simply  a  dark  muck,  yet  it  contained  by 
analysis  over  45  per  cent,  of  oxide  of  iron.  As  the  top  became  dry 
it  caked  and  broke,  the  top  crust  showing  as  clean,  black  and  bril- 
liant a  fracture  as  the  best  hard  bog-ore.  This  proved  that  the  im- 
mense beds  of  soft  ore, — known  as  paint-ore, — known  to  exist 
throughout  our  swamps,  will,  when  drained  by  natural  or  artificial 
causes,  dry  up  and  take  the  form  of  hard  bog-ore  beds.  Some  beds, 
when  the  top  layer  was  removed,  exposed  a  heavy  bed  of  soft  ore 
beneath.  This,  being  uncovered  and  exposed  to  the  action  of  the 
sun  for  a  time,  became  so  hard  that  it  required  heavy  work  with  a 
pick  to  remove  it.  In  the  particular  section  alluded  to  many  of  the 
beds  are  soft  on  top  and  harder  beneath,  while  others  are  the  reverse. 
This  indicates  that  in  midsummer  the  water  in  the  small  swamps 
becomes  so  low  that  the  ore,  deposited  in  the  run-ways  and  during 
high  water  when  the  swamps  overflow,  has  time  to  harden.  In 
some,  apparently,  the  water,  when  again  high,  overflowed  the  old 
hard  bed  and  deposited  more  ore  on  top,  while  in  others  it  found 
an  exit  by  oozing  out  beneath,  and  leaving  an  additional  deposit 
below. 

The  ground  on  which  bog-ore  has  been  or  may  be  formed  includes 
all  marshes  or  hill-sides  between  the  mountain-ranges  and  the  river- 
bottoms,  into  which  the  water  finally  finds  its  way.  Much  land  on 
which  ore  is  found  is  to-day  comparatively  dry,  but  a  glance  at  the 
surrounding  country  will  show  that  the  ground  was  once  the  natural 
drain-way  from  higher  lands.  In  such  places  the  ore  is,  as  a  rule, 
massive  and  hard. 

Once  the  foundation  of  a  bed  of  ore  is  formed,  it  seems  to  grow 
more  rapidly,  partly  on  account  of  its  affinity  or  power  to  draw  the 
iron  which  is  suspended  in  the  water,  as  the  following  fleets  will 
demonstrate:  The  Riviere-au-Lard,  from  which  we  obtain  our 
water-power,  as  well  as  water-supply  for  the  furnace  and  boiler,  etc., 
takes  its  rise  in  Grand  PM,  a  swamp,  in  the  midst  of  which  lies 
Lac-ci-la-Tortue.     This  water  is  at  all  times  dark  and  rusty  in  ap- 
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pearance,  and  a  piece  of  iron  suspended  or  allowed  to  lie  in  its  bot- 
tom rapidly  becomes  heavily  beaded  to  the  depth  of  an  eighth  to  a 
quarter  of  an  inch  with  a  pure  deposit  of  iron-ore,  and  this  without 
corroding  the  iron.  Besides,  ore  in  this  shape  will  accumulate  in  all 
our  supply-pipes  in  the  same  manner,  no  matter  how  rapid  the  flow 
may  be.  This  at  one  time  was  a  source  of  considerable  anxiety,  but 
as  the  pipes  remain  longer  in  use,  these  deposits  appear  to  attain  a 
certain  size  and  lose  their  power  of  adhesion.  The  blow  "of  a  ham- 
mer will  liberate  the  heavier  crust  and  clean  the  pipe  fairly  well. 

Bog-ore  is  found,  as  a  rule,  12  to  18  inches  below  the  surface. 
This  season,  however,  we  are  getting  ore  at  a  depth  of  4  feet  6 
inches,  and  the  beds  are  heavy,  thick  and  good,  apparently  of  old 
formation.  Ore  has  been  raised  from  a  depth  of  8  feet  in  the  Grand 
PUy  and  although  this  immense  swamp  is  covered  with  a  soft,  float- 
ing top,  pockets  of  small-sized  ore  have  been  found  in  paying  quan- 
tities on  the  surface.  These  facts,  taken  in  connection  with  the  de- 
posits of  so-called  paint-ore  in  this  swamp,  lead  us  to  anticipate  the 
discovery  of  large  bodies  of  ore  in  the  bottom,  explorations  for  which 
we  intend  to  push  during  the  coming  season.  Excavations  to  a 
depth  of  10,  12  and  15  feet,  in  the  immediate  vicinity  of  Radnor, 
show  as  strong  indications  of  ore  at  the  bottom  as  at  the  top. 

LaC'(i-la-Tortue. — This  lies  in  the  midst  of  an  immense  swamp. 
Grand  Pie,  and  to  all  appearance  it  is  the  last  remnant  of  what,  at 
one  time,  was  a  lake  which  included  the  entire  surrounding  swamp, 
but  one  that  probably  was  never  very  deep,  and  hence  has  been  gradu- 
ally filled  up  by  natural  causes.  Besides  three  small  and  very  slug- 
gish creeks  flowing  into  the  lake,  the  water  oozes  in  around  the 
shores,  which  are  very  low.  Soft  ore  is  found  throughout  the  sur- 
rounding swamp,  and  in  small  patches,  on  the  top  of  what  is  appa- 
rently a  floating  beaver-meadow,  hard  ore  is  found.  The  entire 
bottom  of  the  lake  is  more  or  less  covered  with  ore,  but  the  richest 
deposits  are  immediately  opposite  or  around  the  mouths  of  the  various 
creeks.  In  some  places  the  ore  is  too  heavy  for  our  dredge,  and  an 
attack  on  it  generally  results  in  broken  chains  and  buckets.  The 
only  portion  of  the  lake  thoroughly  worked  in  the  past  is  Sturgeon 
Bay ;  the  principal  creek  enters  this  bay.  Its  extent  at  the  widest 
part  is  not  over  2000  yards,  and  its  length  is  about  the  same.  For 
thirty  years  this  bay  has  been  worked  by  hand  and  dredge,  and  time 
and  again  declared  to  be  worked  out ;  yet  this  season  our  dredge 
hardly  stirred  from  it,  and  raised  more  than  double  the  ore  ever  taken 
from  it  in  one  season  before.    This  will  give  some  idea  of  the  extreme 
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abundance  and  rapidity  with  which  the  ore  is  formed.  It  is  hardly 
possible  to  estimate  the  quantity  of  the  ore  in  existence  in  this  lake, 
as  without  doubt'  it  is  growing  steadily.  An  experiment  was  made 
one  year  ago  (1891)  in  Sturgeon  Bay.  The  dredge-frame  was  allowed 
to  work  down  into  the  mud  for  6  feet,  from  which  depth  it  brought 
up  a  fine  dark  ore,  not  quite  so  hard  as  the  surface-ore,  and  not  in 
flat  cakes,  like  the  latter,  but  in  small  and  round  pieces,  similar  to 
gravel  in  size,  yet  as  fine  an  ore  in  every  way.  In  other  parts  of 
the  lake  occur  heavy  massive  veins,  several  feet  thick,  and  this  is 
the  portion  which  our  dredge  finds  it  difficult  to  work.  If  neces- 
sary, dynamite  will  have  to  be  used  on  it.  Explorations  for  ore  on 
the  lake-shore,  where  nothing  but  sand  showed  on  the  surface,  de- 
veloped heavy  cakes  over  12  inches  below,  showing  that  the  old 
deposits  may  gradually  become  covered  up. 

When  we  commenced  operations,  we  found  it  to  be  the  popular 
opinion,  even  among  the  best  ore-miners,  and  those  most  conversant 
with  the  business  generally,  that  there  was  not  sufficient  bog-ore  left 
in  the  country  to  give  a  constant  supply  to  a  10-ton  furnace.  In- 
vestigations developed  the  facts  that  although  furnaces  had  been 
working  at  Batiscan,  St.  Maurice  and  L'Islet,  etc.,  since  1737,  they 
had  drawn  almost  their  entire  supply  of  ore  from  the  immediate 
vicinity.  In  no  case  did  they  entirely  exhaust  the  supply,  except 
perhaps  within  a  radius  of  3  or  4  miles  around  the  furnaces.  More- 
over, these  furnaces  had  not  been  worked  steadily ;  hence  continuous 
employment  (which  alone  would  produce  good  explorers)  could  not 
be  given.  In  fact,  we  were  in  the  beginning  unable  to  find  a  single 
man  who  could  give  us  reliable  information  regarding  the  ore-fields 
generally,  the  best-informed  having  only  a  very  superficial  acquain- 
tance with  single  localities. 

With  regard  to  the  wood-supply,  there  is  no  place  on  the  Ameri- 
can Continent  that  offers  greater  inducements  for  the  establishment 
of  a  large  charcoal-iron  industry  than  the  district  of  Three  Rivers. 
It  is  not  too  much  to  say  that  the  supply  of  wood,  suitable  for  char- 
coal-making, to  be  had  from  the  banks  of  the  river  St.  Maurice, 
and  the  great  territory  to  the  north  of  that  river,  is  sufficient  to  keep 
a  number  of  charcoal-iron  furnaces  in  fuel  for  a  century.  The  St. 
Maurice  is  one  of  the  largest  tributaries  of  the  St.  Lawrence.  It 
rises  on  the  borders  of  the  North-west  Territories,  about  250  miles 
northwest  of  the  city  of  Three  Rivers,  and  flows  through  tiie  Prov- 
ince of  Quebec  to  its  junction  with  the  St.  Lawrence  at  Three  Rivers. 
Its  tributaries   are   the   Shawinigan,   Matawan,   Rat,   Vermillion, 
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Flaramond,  Ribbon,  and  Manoran  from  the  west,  and  the  Mekinak, 
Petite  and  Grand  Bostounais,  Croche,  Grande  Pierriche,  Tranche 
and  Wyndigo  from  the  east,  the  whole  draining  a  territory  of  up- 
wards of  200,000  square  miles.  Throughout  its  entire  course  the 
banks  of  the  St.  Maurice  are  thickly  covered  with  just  the  class  of 
wood  necessary  for  the  manufacture  of  the  best  charcoal,  namely, 
hard  maple,  beach,  birch,  iron-wood  and  oak.  This  wood  has  been 
left  practically  untouched  by  the  lumbermen,  who  have  been  work- 
ing on  the  river  for  years  past,  removing  only  pine  and  spruce. 
The  vast  territory  stretching  to  the  north  of  the  St.  Maurice  offers  a 
wide  field  for  the  future  supply  of  wood  ;  and  the  same  is  true  of  the 
country  traversed  by  the  Lower  Laurentiau  Railway.  Other  rail- 
Avay  lines,  projected  from  Three  Rivers  north,  will  open  up  a  new 
district  rich  in  timber.  Altogether  the  fuel-supply  is  beyond  ques- 
tion. 

Apart  from  the  bog-  and  lake-ore  deposits,  vast  mines  of  titanic 
iron-ores  are  known  to  exist  in  the  Laurentian  range,  and  elsewhere 
in  the  Province  of  Quebec.  At  the  present  time  these  ores  cannot 
be  utilized  profitably,  but  science  will  sooner  or  later  find  a  means 
of  using  these  titaniferous  ores,  not  alone  with  economy,  but  also,  I 
believe,  with  great  benefit  to  the  metal  into  which  they  enter.  The 
able  paper  of  Mr.  Auguste  J.  Rossi,  of  New  York  City,  read  at  this 
meeting  {ante,  p.  8-32),  deals  exhaustively  with  the  metallurgical 
possibilities  of  these  ores ;  and  the  data  furnished  by  his  investiga- 
tions will  prove  of  the  greatest  interest  to  metallurgists. 

Bog  Iron-Ores  and  Ochers  of  the  Three  Rivers  Region.* 

In  the  region  about  Three  Rivers,  the  valley  of  the  St.  Lawrence 
is  from  20  to  60  miles  broad,  extending  from  the  Laurentian  hills 
on  the  north  to  the  highlands  of  the  eastern  townships  on  the  south. 
On  both  sides,  the  country  rises  in  a  succession  of  steps  and  flat  ter- 
races of  stratified  clays  and  sands,  that  here  fill  up  and  cover  all 
irregularities  of  the  underlying  rocks,  to  a  height  of  600  feet  above 
the  present  level  of  the  river.  The  otherwise  almost  level  plain  is 
broken  by  narrow  valleys  cut  by  the  rivers  and  small  streams  of 
the  region.  From  the  sands,  which  vary  in  thickness  from  a  few 
inches  to  100  feet  and  over,  and  which  are  generally  of  a  distinct 

*  The  material  of  this  portion  is  communicated,  with  the  permission  of  Director 
Selvvyn  of  the  Geological  Survey  of  Canada,  by  Mr.  A.  P.  Low,  one  of  the  geolo- 
gists of  the  survey. 
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yellow  color,  and  carry  a  cousiderable  percentage  of  iron,  the  numer- 
ous deposits  of  bog-iron  and  ocher  are  derived. 

The  gneisses  and  basic  granites  of  the  Archaean  area  north  of 
Three  Rivers  contain  a  considerable  anaount  of  iron  in  the  form  of 
magnetite,  or,  more  commonly,  ilmenite  or  titaniferous  iron-ore, 
which  occurs  generally  in  small  grains,  intimately  associated  with 
the  other  minerals  of  the  rocks,  and  so  constantly  as  to  appear  to  be 
a  constituent  rather  than  an  accessory  mineral  of  the  rock.  Often 
the  ilmenite  occurs  in  large  segregated  masses,  which  are  sometimes 
so  abundant  as  to  form  the  greater  part  of  the  rock-mass. 

Previous  to  the  glacial  period  the  surfaces  of  these  rocks,  exposed 
to  the  action  of  the  weather,  must  have  been  more  or  less  decom- 
posed. During  that  period,  the  ice,  moving  down  from  the  high- 
lands on  the  north,  covered  all  the  country  far  to  the  south  of  the 
St.  Lawrence,  and,  in  its  flow  southward,  not  only  removed  from 
the  Archaean  hills  any  decomposed  material  that  may  have  covered 
them,  but  rounded,  grooved  and  polished  the  rocks  beneath.  The 
material  thus  removed  was  often  reduced  to  a  fine  state,  the  quartz 
to  sand,  and  the  feldspars  to  clay.  As  a  rule  this  material  was  not 
transported  far,  but  was  deposited  in  any  place  sheltered  from  the 
direct  action  of  the  moving  ice,  as  in  valleys,  or  behind  rocky  hills, 
where  the  force  of  the  glacier  was  broken.  At  or  towards  the  close 
of  the  glacial  period,  the  level  of  the  country  was  about  600  feet 
lower  than  at  present,  and  the  wide  valley  of  the  St.  Lawrence  was 
occupied  by  a  deep  arm  of  the  sea,  into  which  poured  the  waters  of 
the  St.  Maurice  and  other  rivers,  now  falling  into  the  St.  Lawrence. 

Coming  from  the  retreating  foot  of  the  glacier,  these  rivers  must 
have  been  greatly  swollen  by  the  water  from  the  melting  ice,  and 
with  their  great  volume  and  strong  currents  removed  much  of  the 
finer  drift-material  left  by  the  glacier  in  the  valleys  drained  by 
them,  and  deposited  it  again  in  the  quiet  waters  of  this  arm  of  the 
sea.  The  clay,  being  most  easily  held  in  suspension,  was  carried  far 
out,  and  was  deposited  over  the  entire  bottom  of  the  valley;  the 
sands,  being  less  finely  divided,  were  thrown  down  along  the  margin 
of  the  old  sea-bottom. 

As  the  land  rose  to  its  present  height,  it  remained  at  the  level  of 
each  terrace  long  enough  to  allow  the  waves  to  cut  deep  faces  into 
the  one  above;  and  the  sand  thus  cut  down  was  carried  farther  out 
by  currents,  until  finally  they  nearly  everywhere  covered  the  lower 
clays.  The  grains  of  magnetite  and  ilmenite  in  the  glacial  dibris 
were  carried  along  and  deposited  with  the  sand.     It  is  to  the  pres- 
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ence  of  these  more  or  less  decomposed  grains  that  the  prevailing 
yellow  color  of  the  sand  is  due. 

The  present  surface  of  the  greater  part  of  this  wide  valley  is 
sandy;  but  the  sands  are  everywhere  underlaid  by  beds  of  stiff  blue 
clay,  impervious  to  water.  As  a  consequence,  in  many  places  where 
there  is  little  or  no  slope,  a  slight  uplift  of  the  clay  along  the  front 
of  the  wide  terraces  has  rendered  the  drainage  defective,  and  has 
formed  vast  swamps,  while  the  lower  portions  of  the  overlying  sands 
have  become  charged  with  water.  These  swamps  support  a  rank 
growth  of  vegetable  matter,  their  higher  parts  being  covered  with  a 
thick  forest,  whose  roots  penetrate  deep  into  the  sandy  soil. 

Decay  goes  on  quickly  in  tiiese  swamps  during  the  summer;  and, 
as  a  result  of  this  decomposition,  organic  acids  are  formed,  which  re- 
main in  solution  in  the  waters  of  the  swamps.  These  waters  com- 
ing in  contact  with  the  finely  divided  iron-oxide  mixed  with  the 
sand,  the  acids  reduce  the  peroxide  to  a  soluble  protoxide,  and  it  is 
brought  to  the  surface  either  as  a  carbonate  of  protoxide,  or,  when 
organic  matter  is  abundant,  as  a  combination  of  protoxide  of  iron 
with  some  of  those  organic  matters  which  have  received  the  names 
of  crenic,  geic,  and  humic  acids.  These  proto-salts  of  iron  absorb- 
ing oxygen  from  the  air,  the  insoluble  result  is  precipitated  from  the 
solution  of  the  carbonate  as  a  hydrated  sesquioxide,  or,  from  the 
organic  solution,  as  a  compound  of  this  oxide  with  the  vegetable 
acid.  The  bog  iron-ores  consist  of  variable  mixtures  of  hydrous 
sesquioxide  of  iron  with  the  organic  compound;  while  the  ochers  are 
probably  the  organic  compound  in  a  nearly  pure  state. 

The  bog  iron-ores  occur  near  the  surface  of  the  sandy  soil,  in 
patches  from  a  few  square  feet  to  several  acres  in  extent,  and  from 
3  to  30  inches  in  thickness.  They  are  always  found  in  or  near  the 
borders  of  the  swamps.  These  deposits  seem  to  have  been  formed 
by  the  ferruginous  solution  from  the  swamps,  percolating  through 
the  adjacent  sands,  where,  coming  in  contact  with  the  air  on  the 
porous  soil,  the  iron  is  precipitated  in  concretions  about  the  particles 
of  sand.  These  concretions,  covered  by  successive  layers  of  iron-ore, 
continue  to  grow  as  long  as  the  supply  of  ferruginous  water  is  kept 
up.  In  size  they  vary  from  that  of  small  shot  to  masses  several 
'inches  in  diameter,  and  when  large  they  have  the  form  of  irregular 
rounded  discs,  which  often  show  concentric  rings  of  growth. 

The  region  about  Three  Rivers  was  carefully  examined  by  Sir 
William  Logan  in  1852,  and  a  number  of  the  following  localities 
are  mentioned  by  him  in  the  Geological  Survey  Report  of  1852-53. 
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Many  of  these  deposits  have  since  been  worked,  and  now  only  afford 
moderate  quantities  of  fine-grained  newly-formed  ore. 

On  the  west  side  of  the  St.  Maurice  river,  in  the  augmentation  of 
tlie  township  of  Caxton,  there  is  a  deposit  covering  about  100 
acres.  This  locality  was  worked  for  a  number  of  years  to  supply 
the  old  St.  Maurice  forges,  and  is  now  nearly  exhausted. 

Northeast  of  this  locality,  about  four  miles,  there  is  a  considerable 
swamp  in  the  fourth  range  of  the  fief  of  St.  Etienne,  having  an  area 
of  about  3  200  acres.  Ore  is  found  at  uncertain  intervals  of  space 
along  the  northwestern  border  of  the  swamp,  and  probably  occurs 
in  patches  over  the  greater  part  of  it. 

About  2A  miles  southeast  from  this  localitv,  in  the  second  ranse 
of  St.  Etienne,  bog-ore  is  met  with  in  patches  over  a  surface  of  from 
30  to  40  acres.  The  thickness  of  the  mineral  patches  in  this  ground 
appears  to  range  from  6  to  9  inches.  Further  south,  in  the  seign- 
iory of  Pointe-du-Lac,  there  are  several  localities  from  which  large 
quantities  of  ore  were  once  taken ;  but  they  are  now  nearly  ex- 
hausted. 

East  of  the  St,  Maurice,  and  between  it  and  the  Batiscan  river, 
are  several  localities  abounding  in  this  mineral.  Near  the  banks  of 
the  St.  Maurice,  about  a  mile  and  a  half  below  Pointe-a-la-Hache, 
there  are  indications  of  ore. 

Northeast  of  this,  at  a  distance  of  6  miles,  is  a  triangular  area, 
lying  in  the  St.  Felix  and  St.  Marguerite  ranges,  partly  in  the  seign- 
iory of  Cap-de-la-Madeleine  and  partly  in  that  of  Charaplain,  having 
an  area  of  about  6  square  miles  and  a  uniform  level  of  about  200  feet 
above  the  St.  Lawrence.  Through  )ut  this  neighborhood  areas  from 
one-sixteenth  to  three-quarters  of  an  acre  are  more  or  less  occupied 
with  patches  of  ore,  from  6  to  10  inches  thick. 

In  the  seigniory  of  Champlain  a  considerable  field  of  the  ore  ex- 
ists on  the  south  side  of  the  Charaplain  river,  about  1100  acres 
in  extent.  There  is  another  band  northwest  of  it,  covering  about 
75  acres. 

The  ore,  as  in  other  instances,  is  found  in  these  bands  in  numerous 
patches,  the  thickness  of  which  varies  from  3  inches  to  a  foot. 
From  that  part  of  the  band  which  lies  in  the  vicinity  of  the  river 
A-la-Lime,  the  old  forges  on  the  Batiscan  river  were  supplied  with 
ore.  On  the  eastern  side  of  the  Batiscan,  bog-ore  is  found  on  the 
River  Veilette,  upwards  of  a  mile  and  a  half  from  the  bend  in  the 
Batiscan,  below  the  old  forges.  It  occurs  in  several  patches,  one  of 
which  extends  over  a  third  of  an  acre,  with  a  thickness  of  from  3 
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to  6  inches  and  sometimes  a  foot.  A  mile  and  a  half  beyond,  on 
the  road  to  St.  Prosper,  it  is  found  not  far  from  the  boundary  be- 
tween the  seigniories  of  Batiscan  and  St.  Anne-de-la-Perade.  Here 
the  patches  are  small  and  the  thickness  does  not  exceed  3  or  4 
inches. 

In  the  seigniory  of  St.  Anne-de-la-Perade,  indications  of  ore  are 
met  with  on  the  southwest  side  of  the  road  which  turns  up  from  the 
St.  Anne  river  and  runs  parallel  with  the  Charest ;  but  the  patches 
do  not  seem  to  be  numerous.  The  thickness  is  from  three  to  four 
inches. 

Lac-a-la-Tortue  is  situated  in  the  southern  part  of  Radnor,  about 
one  mile  beyond  the  north  line  of  the  seigniory  of  Champlain  and 
2  miles  from  the  St.  Maurice.  The  lake  is  about  3  miles  long 
from  northeast  to  southwest  and  has  an  average  breadth  of  about  1 
mile.  It  occupies  the  lowest  depression  of  a  great  swamp  called 
Grand  PM,  which  extends  north  and  south  from  the  lake.  At  its 
center  the  water  is  less  than  20  feet  deep,  and  shoals  gradually  to  the 
shore.  By  removing  an  obstruction  at  the  discharge  the  water  has 
been  lowered  some  6  or  8  feet,  and  a  wide  margin  of  its  bed  has 
been  exposed  on  all  sides. 

The  lake  is  fed  by  a  number  of  small  streams  flowing  from  the 
surrounding  swamp.  These  are  highly  charged  with  salts  of  iron, 
giving  the  water  of  the  lake  a  very  ferruginous  taste  and  coloring  it 
a  rusty  yellow.  The  ore  is  found  in  the  form  of  concretions  scat- 
tered through  the  soft  greenish  mud,  for  several  feet  below  the  sur- 
face of  the  bottom.  It  appears  to  be  formed  by  the  precipitation  of 
the  proto-salts  in  solution,  which  take  up  oxygen  from  the  surface 
and,  becoming  insoluble,  sink  to  the  bottom,  wh'ere  they  collect 
about  various  particles  of  foreign  matter  and  form  flat  porous  con- 
cretions of  various  sizes,  the  largest  being  often  6  or  8  inches  in  di- 
ameter, by  over  an  inch  in  thickness,  and  showing  distinct  rings  of 
growth.  The  growth  of  the  ore  in  the  lake-bottom  is  quite  rapid, 
it  having  been  found  that  paying  quantities  of  ore  can  be  obtained 
from  areas  completely  exhausted  some  8  or  10  years  ago. 

Work  is  carried  on  by  hand  in  the  shallow  portions  along  shore, 
and  in  the  areas  left  bare  by  the  lowering  of  the  level  of  the  water. 
The  operation  consists  in  shovelling  the  mud  containing  the  ore  into 
iron  sieves  of  about  30  inches  in  diameter,  where  the  ore  is  washed 
free  from  mud  and  then  piled  in  convenient  heaps  for  removal.  In 
the  deeper  parts  of  the  lake  the  ore  is  raised  by  a  dredge  with  3  rows 
of  iron  buckets  on  an  endless  chain.     This  dredge  is  capable  of 
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working  to  a  depth  of  12  feet,  and  brings  up  the  ore  mixed  with 
soft  mud;  this  is  damped  into  a  long  cylindrical  siev^e,  placed  on  an 
incline  so  as  to  discharge  upon  scows  moored  alongside. 

Along  the  axis  of  the  sieve  are  arranged  a  number  of  jets  of  water, 
which,  as  the  sieve  rotates,  wash  away  the  mud  and  allow  the  clean 
ore  to  fall  out  at  the  lower  end  upon  the  scows.  These  are  then 
towed  to  the  west  end  of  the  lake  where  the  Piles  Branch  railway 
passes  close  to  the  water,  and  from  there  loaded  cars  are  run  direct 
to  the  furnace  at  Radnor. 

During  the  past  season  large  deposits  of  massive  ore  were  discov- 
ered in  the  bottom  of  the  lake,  which  are  claimed  to  be  2  feet  and 
upwards  in  thickness ;  and,  although  work  has  been  carried  on  here 
for  more  than  30  years,  the  supply  of  ore  last  season  was  much 
greater  than  in  any  former  one.  The  ore  was  formerly  supposed  to 
lie  in  the  mud  within  a  foot  or  so  of  the  bottom,  but  this  year  pay- 
ing quantities  were  found  in  the  underlying  sands  to  a  depth  of  6 
feet,  the  limit  to  which  the  dredge  would  work.  From  this  it 
will  be  seen  that  the  supply  of  ore  in  Lac-a-la-Tortue  is  far  from 
exhausted. 

On  the  south  side  of  the  St.  Lawrence — opposite  Three  Rivers,  in 
the  second,  third  and  fourth  ranges  of  Gentilly,  the  Canada  Iron 
Furnace  Company  has  discovered  and  is  working  a  number  of  re- 
markably rich  beds  of  ore.  These  are  generally  found  along  the 
faces  of  the  terraces.  The  largest  bed  is  about  10  acres  long  by  half 
an  acre  wide.  Work  here  has  been  carried  on  to  the  depth  of  4  feet 
without  reaching  the  bottom  of  the  bed,  which  will  reach  5  or  6  feet 
in  places.  The  ore  on  top  is  fine,  but  towards  the  bottom  it  becomes 
heavy  and  massive  and  has  to  be  broken  out  by  picks. 

Medium-sized  patches  of  ore  have  been  found  extending  over  an 
area  of  6  square  miles  in  this  locality ;  and  no  doubt  many  others 
will  be  found  in  the  neighborhood. 

Work  has  also  been  carried  on  by  this  company  in  the  fourth 
range  of  Kildare,  County  of  Joliette,  where  one  patch  is  3  acres  long 
by  half  an  acre  wide,  with  an  average  thickness  of  12  inches,  all  of 
fine  rich  ore.  There  is  a  band  here  that  is  said  to  have  been  traced 
for  a  distance  of  7  miles. 

It  will  thus  be  seen,  that  although  iron  has  been  mined  and 
smelted  in  the  vicinity  of  Three  Rivers  for  a  period  of  170  years, 
there  yet  remain  considerable  quantities  of  ore  in  the  deposits  first 
worked,  while  new  beds  of  great  extent  continue  to  be  found,  con- 
taining sufficient  ore  to  supply  the  larger  and  newer  furnaces  for 
probably  as  long  a  time  to  come. 
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Ocher. — The  ochers  are  found  along  the  courses  of  small  streams 
flowing  from  swamps,  or  in  the  old  beds  of  small,  shallow  lakes. 
Near  the  surface  the  ocher  is  generally  yellowish-brown,  becoming 
reddish  in  the  parts  most  exposed  to  air  and  light.  At  a  short  dis- 
tance below  the  surface,  however,  the  color  is  greenish,  and  when 
recently  exposed  is  greenish-white,  indicating  a  compound  of  pro- 
toxide of  iron,  which  grows  yellowish  from  peroxidation  as  the  mass 
dries. 

The  water  that  oozes  from  the  ocher  is  at  first  colorless,  transpa- 
rent and  ferruginous  in  taste,  but,  by  exposure  to  the  air,  soon  lets 
fall  a  reddish-brown  precipitate  of  ocher  and  becomes  tasteless.  As 
the  precipitate  is  buried  by  subsequent  accumulations  of  the  ocher,  it 
is  again  reduced  to  a  protoxide,  either  by  the  reaction  of  the  organic 
matter  which  it  contains  or  by  that  derived  from  the  decaying  roots 
and  trees,  which  are  generally  abundant  in  the  deposits;  and  it  thus 
assumes  the  greenish  color  already  noted. 

In  some  of  the  deposits  there  are  layers  of  a  brownish-black  color, 
due  probably  to  the  presence  of  manganese  ;  and  in  some  places  the 
whole  deposit  is  made  up  of  this  dark-colored  ocher. 

Indications  of  ocher  are  seen  along  with  most  of  the  deposits  of 
bog-ore,  but  it  also  occurs  without  the  presence  of  the  latter,  and 
often  in  great  masses.  The  principal  deposits  in  the  region  under 
consideration  occur  on  both  sides  of  the  St.  IMaurice  river. 

A  very  large  ocher-bed  is  situated  on  the  St.  Nicholas  range  of 
Pointe  du  Lac.  It  is  crossed  by  the  range  road,  running  northwest- 
ward, over  a  mile  from  the  point  where  this  road  starts  from  the 
river-side  road.  The  deposit  extends  on  each  side  of  the  road  about 
a  quarter  of  a  mile  to  the  southwest  and  a  mile  to  the  northeast. 
The  breadth  is  irregular,  and  varies  from  50  to  800  yards,  and  the 
whole  area  may  be  about  400  acres.  The  thickness  of  the  deposit 
ranges  from  6  inches  to  4  feet,  and  may  have  an  average  of  about  18 
inches.  The  prevailing  colors  of  the  ocher  are  red  and  yellow,  with 
bands  of  a  purple  tinge,  and  others  of  a  blackish-brown.  Farther  to 
the  northwest,  on  the  road  of  the  same  range,  patches  of  ocher  occur 
in  considerable  abundance  for  upwards  of  a  mile,  but  are  not  so  pure 
or  thick  as  the  great  one  just  described. 

About  a  mile  and  a  half  below  the  old  St.  Maurice  forges,  but  on 
the  opposite  side  of  the  river,  a  patch  of  ocher  is  found  associated 
with  the  bog-ore  there.  It  has  an  area  of  about  200  square  yards, 
and  is  from  3  to  6  inches  thick,  and  of  exceptional  quality. 

On  the  northwest  side  of  that  part  of  the  road  through  the  St. 
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Marguerite  range,  which  runs  southwest  of  the  Riviere-au-Lard, 
small  patches  of  yellow  and  browu  ocher  are  met  with  for  a  distance 
of  6  miles.  They  all  contain  more  or  less  sand,  and  rarely  exceed  4 
inches  in  thickness. 

In  the  St.  Malo  range  of  the  seigniory  of  Cap-de- la-Madeleine,  a 
great  deposit  of  ocher  occurs  opposite  to  the  end  of  the  road  which 
turns  up  from  the  margin  of  the  St.  Lawrence,  about  two  miles  be- 
low the  Cap-de-la-Madeleine  church.  The  locality  is  about  half  a 
mile  from  the  front  of  the  St.  Malo  range  and  about  a  quarter  of  a 
mile  north  of  the  C.  P.  Railway.  Its  breadth,  on  a  line  continued 
from  the  road,  is  about  600  yards,  and  it  extends  rather  more  to  the 
northeast  than  to  the  southwest,  with  a  total  length  of  about  2  miles, 
and  the  area  is  thus  upwards  of  600  acres. 

Two  openings  on  adjoining  lots  are  worked  by  the  St.  Maurice 
Paint  Company  and  the  Johnston  Paint  Company. 

The  former  company  have  the  mining  right  extending  over  21 
lots.  At  their  present  opening  the  deposit  is  about  500  feet  wide, 
and  varies  from  1  to  20  feet  in  thickness,  with  beds  of  peat  inter- 
stratified  with  the  ocher.  Small  patches  of  bog-ore  rest  on  top,  and 
the  ocher  is  of  a  dark  yellow  for  from  3  inches  to  2  feet  below  the 
surface  ;  beneath  this  the  color  is  a  light  green,  and  many  stems  and 
roots  are  present.  In  places  the  bands  are  of  a  purplish-black  color, 
due  probably  to  the  presence  of  manganese. 

At  the  openings  of  the  Johnston  Paint  Company  there  is  about 
18  inches  of  peaty  matter  covering  the  ore,  which  is  of  a  light  green 
color,  and  is  worked  to  a  depth  of  6  feet.  At  both  places  the  ore  is 
burnt  on  the  spot,  and  13  shades  of  red  and  brown  are  produced. 

On  Lot  14,  in  the  second  range  of  Radnor,  and  about  half  a  mile 
west  of  St.  Tite  Junction,  large  deposits  of  ocher  are  worked  by  the 
Radnor  Paint  Company.  The  ocher  is  found  in  two  gulleys,  which 
join  and  descend  to  the  St.  Maurice.  The  deposit  has  been  proved 
for  a  distance  of  half  a  mile,  and  is  from  50  to  150  yards  wide,  and 
in  places  15  feet  thick.  The  prevailing  colors  are  brownish  or  pur- 
plish-black, due  probably  to  manganese. 

The  Composition  of  the  Bog-  and  Lake-Ores  used  at  Rad- 
nor Forges,  and  of  the  Iron  Produced  Therefrom.* 

As  pointed  out  in  the  preceding  pages,  these  ores  have  been  known 

*  This  section  has  been  contributed  by  Prof.  J.  T.  Donald,  of  Bishop's  College, 
Montreal. 
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and  worked  for  many  years,  and  occur  in  deposits  of  various  size, 
extending  over  a  wide  area  of  country.  As  a  consequence  of  these 
two  circumstances,  many  analyses  haye  been  published,  which  show 
that  the  ores  have  a  wide  range  in  composition,  as  is  well  shown  by 
the  quantities  of  phosphorus  and  manganese  occurring  in  different 
samples.  Dr.  Harrington,  of  McGill  College,  some  time  ago  in- 
formed me  that  in  certain  of  these  ores  he  had  found  not  more  than 
a  faint  trace  of  phosphorus.  On  the  other  hand,  I  have  in  one  sam- 
ple, an  extreme  case,  found  as  much  as  0.9  per  cent,  of  this  element. 
It  is  much  the  same  in  the  case  of  manganese.  In  the  Report  of 
the  Geological  Survey  for  the  year  1863,  there  is  given  the  analysis 
of  a  certain  ore  "  exploited  for  the  St.  Maurice  Forges,"  and  in  it  this 
element  is  found  in  traces  only.  In  some  samples  recently  analyzed 
I  have  found  no  less  than  22.82  per  cent,  of  manganese.  There  is 
nothing  very  remarkable  in  this  variation  in  composition.  The  same 
is  seen  elsewhere ;  for  instance,  in  Nova  Scotia,  the  great  iron  area 
of  Eastern  Canada.  A  judicious  selection  is  all  that  is  required  in 
order  to  obtain  from  the  deposits  of  the  Three  Rivers  district  ore 
that  will  yield  iron  of  excellent  quality.  Column  I.  in  the  subjoined 
table  is  my  analysis  of  a  sample  representing  a  large  quantity  of  bog- 
ore  selected  from  various  points  for  the  Radnor  furnace,  in  Decem- 
ber, 1890. 

A  portion  of  the  ore  used  at  Radnor,  known  as  lake-ore,  is  found 
on  the  bottom  of  Lac-^-la-Tortue,  and,  until  the  recent  discovery  of 
similar  deposits  in  Lac-au-Sables,  was  the  only  known  extensive  de- 
posit in  this  province,  if  not  in  the  Dominion.  Such  lake-ores  are 
quite  common  in  Norway,  Sweden,  and  Finland.  The  Lac-a-la- 
Tortue  ore  is  very  similar  to  the  neighboring  bog-ores,  and  yet  dif- 
fers from  them  in  certain  respects.  The  former  shows  concretionary 
structure  to  a  much  greater  extent;  and  curiously  enough,  analysis 
shows  that  in  many  cases  the  lake-ores  contain  less  water  than  tiie 
bog-ores. 

Column  II.,  in  the  table,  is  my  analysis,  made  in  December,  1890, 
of  a  samj)le  representing  a  large  quantity  of  Lac-a-la-Tortue  ore. 
Column  III.  is  the  analysis  of  an  ore  from  the  same  lake  made  by 
Prof.  Carlyle,  of  McGill  College.*  Column  IV.  is  an  analysis  of  a 
lake-ore  from  Flaten,  Wermland,  Sweden,  by  Svanberg,  as  cited  in 
Phillips'  Metallurgy,  p.  138. 

*  Canadian  Record  of  Science,  vol.  iii.,  No.  1,  p.  43. 
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Analyses  of  Iron- Ore. 
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16.49 

16.84 

15.00 

17.81 

100.22 

100.28 

100.11 

99.72 

42.52 

49.03 

49.31 

47.32 

0.302 

0  331 

0.205 

.081 

0.078 

0.093 

0.036 

Ferric  oxide 

Ferrous  oxide 

Manganic  oxide , 

Alumina 

Lime 

Magnesia 

Phosphoric  anhydride. 
Sulphuric  anhydride.... 

Silica 

Loss  on  ignition 


Metallic  iron. 
Phosphorus... 


Sulphur 0.078  i 


The  following  analysis  of  Radnor  iron  sufScieutly  shows  the  na- 
ture of  the  metal  in  so  far  as  the  influence  of  the  ore  is  concerned. 
The  sanaple  analyzed  was  of  grade  Ko.  1  J,  and  the  analysis  was  made 
by  me  in  May,  1892. 

Analysis  of  Radnor  Iron  No.  1|. 

Iron, 93.52 

Carbon, 701 

Graphite 3.256 

Siliwn, 1.269 

Sulphur, 0406 

Phosphorus, 6532 

Manganese,    ...........        .557 

99.9968 

The  Canada  Iron  Furnace  Company,  Limited. 

This  company  was  formed  in  1889,  for  the  purpose  of  acquiring 
the  property  and  developing  the  industry  above  described.  The 
new  furnace  is  situated  at  Radnor  Forges,  on  the  banks  of  the 
Riviere-au-Lard,  which  affords  an  excellent  water-power  for  oper- 
ating ore  and  stone  crushers,  for  pumping  water,  etc.     The  waste 
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gases  of  the  furnace  are  utilized  for  fuel,  and  the  plant  itself  operated 
therewith.     The  plant  comprises: 

Furnace. — Height,  40  feet ;  dianneter  of  bosh,  9  feet ;  of  crucible,  5 
feet ;  height  of  bosh-line  from  hearth,  13  feet;  4  tuyeres  of  3J-inches 
diameter.  The  crucible  and  bosh  from  mantel-ring  down  are  en- 
eased  and  protected  with  a  water-jacket,  made  by  the  Russell  Wheel 
and  Foundry  Company.  The  furnace-top  is  provided  with  a  bell 
and  hopper,  the  capacity  of  which  is  25  bushels. 

Hot-Blast  Stove. — This  is  an  air-pipe  stove,  with  combustion- 
chamber  below,  24  feet  long,  18  feet  high,  9  feet  6  inches  wide, 
with  68  openings  between  combustion-chamber  and  pipe-chamber 
above. 

Steam- Power. — Four  steam-boilers,  each  4  feet  in  diameter  by  25 
feet  long,  with  two  18-inch  flues;  shells  of  f-inch  plate  and  double- 
riveted.  All  boilers  are  connected  with  a  brick  chimney  75  feet 
high,  and  all  are  bricked  separately,  and  arranged  to  fire  with  either 
wood  or  gas.  Gas-connections  permit  boilers  to  be  worked  in  bat- 
teries of  two  or  more,  and  one  or  two  can  be  laid  off  for  repairs  or 
cleaning  at  any  time. 

Water-Potver. — This  consists  of  a  head  of  24  feet,  with  a  "  New 
America  "  wheel  35  inches  in  diameter,  capable  of  delivering  65 
horse-power. 

Blowing- Engines. — New  Weiraer  blowing-engine,  16  by  48  by  30 
inches,  set  up  on  a  solid  stone  foundation,  which  rests  on  a  lime- 
stone bottom.  This  engine  is  provided  with  a  patent  water-heater 
and  a  Scanlan  patent  wind-receiver  and  heater,  capable  of  raising 
the  temperature  of  blast  to  about  200°  F.,  before  entering  the  hot- 
blast  stove. 

Auxiliary  Blowing-Engines. — These  are  of  the  horizontal  type, 
■with  two  cylinders,  each  40  inches  in  diameter  by  46-inch  stroke, 
and  geared  to  be  driven  either  by  a  horizontal  steam-engine  of  14 
by  20-inch  cylinder,  or  by  water-power.  These  engines  are  com- 
plete with  their  own  wind-receiver  and  pipes,  and  are  so  arranged 
that  they  can  be  used  in  case  of  an  accident  to  or  a  shut  down  of  the 
Weimer  engine.  They  deliver  about  2100  cubic  feet  of  air  per 
minute,  with  a  pressure  of  4^  pounds.  The  whole  is  set  up  in  an 
engine-house  entirely  separate  from  the  Weimer,  and  isolated  from 
the  latter  and  the  boiler-house. 

Steam-Pumps. — One  Blake  duplex  pump,  12  by  7  Jby  12  inches  ; 
one  Holly  boiler- feed  pump,  8  by  10  by  4  inches;  one  Niagara 
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boiler-feed  pump,  6  by  4  by  6  inches;  one  Nortbey  volume-pump, 
6  by  5  by  7  inches. 

Force- Pumps. — One  horizontal  force-pump,  4  by  8  inches ;  one 
double-acting  plunger  force-pump,  5  by  10  inches. 

All  the  above  steam-  and  force-pa mps  are  so  connected  that  they 
can  be  used  either  on  the  furnace  water-jackets  or  tuyeres,  for  gen- 
eral fire  purposes,  or  for  boiler-feed.  Ail  the  suction-pipes  in  con- 
nection with  the  new  engine-house  are  laid  through  a  stone  tunnel, 
which  leads  from  engine-house  to  river,  and  are  always  beyond  the 
action  of  frost,  and  so  arranged  that  alterations  or  repairs  can  be 
made  at  any  time,  as  the  tunnel  is  large  enough  to  allow  a  man  to 
pass. 

Hoisting-Poioer. — This  consists  of  a  Crane  pattern  double-cylin- 
der hoisting-engine;  size  of  cylinders,  8  by  10  inches.  This  engine 
is  connected  with  two  hoisting  cages,  having  a  lift  of  15  feet  from 
floor  of  weigh-house  to  floor  of  top-house. 

Charcoal- Kilns. — The  Radnor  Forges  battery  consists  of  8  rec- 
tangular kilns,  capacity,  55  cords  each  ;  3  bee-hive  kilns,  capacity, 
55  cords  each.  The  Grandes  Piles  battery  consists  of  14  bee-hive 
kilns,  capacity,  55  cords  each,  and  others  in  course  of  construction. 
Charcoal  is  also  supplied  from  pits  in  the  Swedish  manner. 

Limestone. — There  is  an  excellent  limestone-quarry  close  by  the 
furnace,  furnishing  a  valuable  flux  at  minimum  cost. 

In  carrying  out  all  the  oi)erations  of  the  company,  upwards  of 
800  men  are  directly  and  indirectly  employed  during  the  season,  the 
majority  of  whom  are  engaged  in  the  securing  of  ore  and  wood  sup- 
plies. Through  proper  systematizing,  the  company's  employees  are 
now  taken  largely  from  the  ranks  of  the  farmers  or  habitants,  who 
work  for  the  company  during  their  slack  season  between  seed  time 
and  harvest,  and  in  the  winter  months.  These  men  find  profitable 
work  in  clearing  their  lands  by  supplying  wood  to  the  charcoal-kilns, 
and  in  raising  ore  on  portions  of  their  farms  which  would  otherwise 
be  unproductive.  In  this  way  the  work  of  the  company  goes  on 
almost  continually  over  a  very  large  territory,  and  the  supplies  of 
both  labor  and  material  so  obtained  are  therefore  now  practically 
unlimited. 
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ADDITIONAL  NOTES  ON  THE  PRISMATIC  STADIA- 
TELESCOPE. 

BY  ROBERT  H.    RICHARDS,    BOSTON,   MASS. 
{Montreal  Meeting,  February,  1893.) 

In  October,  1891,1  read  a  paper  before  the  Institute  on  a  "A  Hand- 
Telescope  for  Stadia- Work  "  {Trans.,  xx.,  732),  and  promised  to  re- 
port at  an  early  date  some  results  showing  the  degree  of  accuracy 
attained  with  the  instrument.  I  am  now  able  to  report  on  these  results 
and  also  on  certain  improvements  that  I  have  made  in  the  target 
since  the  first  paper  was  read. 

I  may  say  that  I  prefer  the  title,  "  Prismatic  Stadia-Telescope," 
to  that  used  in  ray  earlier  paper,  for  while  the  instrument  can  be 
used  with  perfect  satisfaction  for  short  sights  up  to,  say,  300  to  500 
feet  when  held  in  the  hand,  it  is  impossible  to  read  much  longer 
distances  without  the  use  of  a  tripod,  as  a  steady  support  for  the  in- 
strument. 

Results  are  here  given  upon  four  combinations  of  prism  and  tele- 
scope. 

No.  1.  A  telescope  made  by  Alvan  Clark  &  Sons,  3-inch  objective, 
28  inches  focal  length,  magnifying  60  diameters,  the  prism  covering 
half  the  objective : 


Feet  measured  Reading  of  Distance  reduced       Reading  of  rod  pro- 

by  tape.  the  rod. 

127.66  1.1825 

211.35  1.9585 

326.59  3.0265 

484.88  4.4925 

606.91  5.6225 


The  value  of  this  prism  therefore  is  .92651  feet  on  the  rod  for 
100  feet  of  distance,  or  1  foot  on  the  rod  corresponds  to  107.931  feet 
of  distance. 

No.  2.  A  Bardou  telescope  having  a  1-inch  objective,  magnifying 
20  diameters,  and  a  prism  covering  half  the  objective : 
VOL.  xxi.— 63 


to  feet. 

portioual  to  100  ft 

100 

.92629 

100 

.92666 

100 

.92669 

100 

.92652 

100 

.92641 

Average,  .92651 
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Feet  measured 
by  tape. 
127.66 

Reading  of 
the  rod. 
1.1825 

Distance  reduced       Reading  of  rod  pro- 
to  feet.                  portional  to  100  ft. 
100                            .92628 

211.35 

1.9585 

100 

.92666 

326.59 

3.0265 

100 

.92608 

484.88 

4.4875 

100 

.92548 

1613.15 

14.950 

100 

Average, 

.92675 

.92634 

This  average  is  obtained  by  discarding  the  fourth  reading  which 
is  manifestly  not  quite  as  accurate  as  the  others. 

The  value  of  this  prism  therefore  is  .92634  feet  on  the  rod  for 
100  feet  of  distance,  or  1  foot  on  the  rod  corresponds  to  107.97  feet 
of  distance. 

No.  3.  A  Bardou  telescope  having  a  1-inch  objective,  magnifying 
20  diameters,  and  a  prism  covering  half  the  objective : 

Feet  measured  Reading  of  Distance  reduced       Reading  of  rod  pro- 

by  tap>e.  the  rod. 

127.66  .8345 

211.35  1.3815 

326.59  2.1325 

484.88  3.1695. 


This  average  was  obtained  by  discarding  the  third  reading  which 
is  obviously  an  imperfect  observation. 

The  value  of  this  prism  is  .65366  feet  ou  the  rod  for  100  feet  of 
distance,  or  1  foot  on  the  rod  corresponds  to  152.29  feet  of  distance. 

No.  4.  A  small  cheap  telescope  having  a  f-iuch  objective,  magni- 
fying 10  diameters,  and  a  double  prism  divided  in  halves,  one-half 
being  set  with  the  edge  up  and  the  other  half  with  the  edge  down, 
giving  therefore  two  bent  rays  instead  of  the  usual  arrangement  of 
one  bent  and  one  direct  ray : 


D  feet. 

portioual  to  100  ft 

100 

.65368 

100 

.65365 

100 

.65289 

100 

.65366 

Average,  .65366 

t  measured 
by  tape. 
15.97 

Reading  of 
the  rod. 
.5 

Distance  reduced       Reading  of  rod  pro 
to  feet.                  portioual  to  100  ft. 
100                          3.1308 

31.99 

1.0 

100 

3.1259 

47.94 

1.5 

100 

3.1289 

63.95 

2.0 

100 

3.1279 

79.94 

2.5 

100 

3.1273 

95.99 

3.0 

100 

Average 

3.1242 

3.1275 

The  value  of  this  prism,  therefore,  is  3.1275  feet  on  the  rod  for  100 
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Fiq.  I 


6 


ZJj-SX-- 


^ 


SELF-READING  TARGET 
AS  SEEN  BY  THE  EYE 


Fig.  2. 


SELF-READING  TARGET  AS 
SEEN  THROUGH  THE   PRISIV! 
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feet  of  distance,  or  1  foot  on  tlie  rod  corresponds  to  31.974  feet  of 
distance. 

The  self-reading  rod  which  has  been  devised  for  use  with  this 
prismatic  stadia-telescope,  and  which  gives  perfectly  satisfactory 
readings  is  shown  in  Fig.  1.  Fig.  2  shows  the  same  rod  while  being 
read;  the  reading  in  this  case  is  234  feet.  This  rod  has  three  stages 
of  graduation ;  the  largest  space,  namely  the  space  between  the  large 
numbers,  0,  1,  2,  3,  etc.,  represents  50  feet;  the  single  notch  of  the 
main  scale,  10  feet,  and  the  vernier  which  is  brought  down  by  the 
prism  into  juxtaposition  with  the  main  scale  divides  that  space 
into  units  of  2  feet,  while  by  the  eye  one  can  further  subdivide  to 
single  feet. 

Now,  referring  to  the  prisms  tested  as  above,  for  No,  4,  the  three 
graduations  of  the  rod  that  will  be  found  best  are  25  feet,  5  feet, 
and  1  foot.  Such  a  target  can  be  read  easily  when  the  instrument  is 
held  in  the  hand  at  400  to  500  feet  distance. 

For  prism  No.  3,  if  the  graduations  of  the  target  represent  50 
feet,  10  feet,  and  2  feet  respectively,  the  target  is  a  strong-reading 
one  at  500  feet,  but  requires  a  tripod  for  the  instrument.  It  can  be 
read  even  at  700  feet,  but  is  not  strong  at  that  distance. 

For  prism  No.  2,  the  graduations  of  the  target  should  be  respec- 
tively 50  feet,  10  feet  and  2  feet;  it  will  then  give  a  strong  reading 
at  800  feet  from  the  tripod.  If  a  30-diameter  telescope  be  substi- 
tuted for  the  20,  the  target  will  be  good  at  1100  or  1200  feet. 

For  prism  No  1,  the  graduations  of  the  target  should  be  respec- 
tively 50  feet,  10  feet  and  2  feet,  and  this  target  can  be  read  at  a 
distance  of  1500  feet  or  more.  The  rod,  however,  would  be  incon- 
veniently long. 

When  the  distances  to  be  read  are  much  greater  than  1000  feet, 
the  two  sliding-targets  upon  the  tape  (Fig.  3)  will  be  found  more 
satisfactory.  The  coincidence  here  is  between  the  two  center  dia- 
monds, a  very  strong  reading.  (See  Fig.  4.)  These  targets  may  be 
read  at  distances  varying  with  their  size.  A  target  of  the  dimen- 
sions given  in  Fig.  3  can  be  read  easily  at  1600  feet  with  prisms 
No.  2  and  No.  3.  It  can  probably  be  easily  read  to  2500  feet  with 
a  30-diameter  telescope  having  a  No.  2  prism,  and  probably  also  at 
a  distance  of  3000  to  4000  feet  with  a  No.  1  prism. 

If  the  sun  be  shining  bright  and  hot,  creating  much  flicker  in  the 
atmosphere,  the  instrument  becomes  unreliable  for  long  distances. 
On  the  other  hand  it  breaks  down  for  any  distance,  either  long  or 
short,  if  one  target  is  exposed  to  bright  sunlight  which  causes  a  con- 
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Fig.  3. 


TAPE.TARGETS  AS  SEEN    BY  THE   EYE, 
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traction  of  tlie  pupil,  while  the  other  is  in  dark  shade.  On  dull 
cloudy  days,  the  target  may  be  read  with  great  nicety  at  extreme 
distances. 

The  advantages  claimed  for  this  prismatic  stadia-telescope  as  com- 
pared with  the  usual  forms  read  by  spider-lines  in  the  telescope  are: 

1st.  The  starting-point  for  the  measurement  is  within  the  prism, 
instead  of  being  at  an  imaginary  point  some  distance  in  front  of  the 
objective. 

2d.  Only  one  observation  is  required  for  measuring  a  distance, 
and  there  is  therefore  only  one  personal  equation  instead  of  two. 

3d.  The  portion  of  the  target  which  is  to  be  read  is  the  only  part 
that  is  distinct,  it  being  unnecessary  to  hunt  for  the  reading.  (See 
Fig.  2.) 


Fig.  4. 


TAPE-TARGETS  BEING   READ  BY    PRISM. 


4th.  The  reading  is  made  in  two  ways,  by  convergence  of  the  im- 
mediate points  read,  and  by  double  divergence  of  the  contiguous 
points  above  and  below,  ^yith  the  spider-webs,  convergence  only 
is  used. 

5th.  It  would  seem  as  if  the  probable  error  should  be  less,  where 
two  diamond-points  are  juxtaposed  than  where  a  portion  of  the  target 
is  hidden  by  the  thickness  of  the  spider-line. 

6th.  The  prismatic  stadia-telescope  can  be  used  from  the  hand  for 
short  distances,  which  is  impossible  with  the  spider-web  instru- 
ments. 

7th.  Long  distances  can  be  satisfactorily  measured  by  the  tape 
and  sliding-targets,  which  is  impossible  with  the  spider-web. 

The  cost  of  the  prism  is  at  present  825,  chiefly  for  the  optical 
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work,  which  cannot  now  be  done  for  less,  though  a  future  reduction 
is  not  impossible. 

I  desire'  to  express  my  thanks  to  Messrs.  Alvan  Clark  &  Sons, 
and  to  the  Bausch  &  Lomb  Optical  Co.  for  careful  study  and  labor 
expended  upon  the  prism  for  me. 


OBSERVATIONS  ON  THE  RELATIONS  BETWEEN  TEE 

CHEMICAL  CONSTITUTION  AND  PHYSICAL 

CHARACTER  OF  STEEL. 

(Discussion  of  the  Paper  of  VV.  R.  Webster,  p.  766.) 

Henry  D.  Hibbard,  High  Bridge,  N.  J,  (Communication  to 
the  Secretary) :  There  is  one  chemical  factor  which  has  not  been 
considered  in  the  author's  tabulation  of  tests,  but  which  is  none  the 
less  important  because  it  cannot  be  practically  estimated,  and  that 
is  the  element  oxygen.  This  element  has  been,  and  probably  will 
continue  for  some  time  to  be,  one  of  the  great  causes  of  the  continual 
discrepancies  between  the  chemical  and  physical  properties  of  steel. 

Probably  oxygen  occurs,  in  important  proportions,  only  in  soft 
steel,  such  as  that  which  we  are  now  considering.  In  this  steel  its 
physical  eifect  is  to  diminish  tensile  strength  and  elongation.  The 
percentage  of  oxygen  in  the  steel,  under  working-conditions  that  are 
as  uniform  as  possible,  is  likely  to  vary  inversely  as  that  of  the  man- 
ganese, or  perhaps,  and  more  probably,  it  may  bear  even  an  inverse 
geometrical  ratio  to  the  manganese-content.  At  all  events,  to  follow 
the  author's  plan,  the  line  representing  the  loss  of  strength  due  to 
oxygen  is  probably  a  curve.  Plotted  by  itself,  the  line  would  prob- 
ably be  straight;  that  is,  the  decrease  in  strength  would  be  propor- 
tional to  the  increase  in  oxygen,  but  if  the  results  were  superposed 
on  the  percentages  of  manganese,  they  would  give  a  curve,  because 
the  percentages  of  oxygen  increase  faster  than  those  of  manganese 
decrease.  Were  the  oxygen-line  to  be  developed  and  added  to  the 
diagram,  it  would  seem  that  the  manganese-line  should  then  be 
straight.  Due  allowance  for  the  effect  of  oxygen,  therefore,  would 
modify  two  features  of  the  paper.  It  would  increase  the  figure  for 
the  strength  of  pure  iron  from  38,000  to  about  45,000  pounds  per 
square  inch,  and  it  would  straighten  out  the  manganese-curve. 

The  manganese-line  in  the  paper  is  curved  between  0,50  and  0.20 
per  cent.     Above  0.50  per  cent,  it  is  straight,  which  may  be  ascribed 
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to  the  probability  that  with  more  than  half  of  1  per  cent,  of  man- 
ganese in  the  steel,  not  much  oxygen  can  be  present,  or  in  any  event 
not  sufficient  to  produce  a  noteworthy  effect.  Below  0.20  per  cent, 
manganese,  the  line  again  is  straight,  for  the  reason,  as  we  suspect, 
that  there  were  either  too  few  examples,  or  none  at  all,  to  determine 
points  of  that  part  of  the  curve.  If  continued  below  0.20  per  cent. 
by  the  method  employed  to  work  out  the  rest  of  the  line,  the  curva- 
ture would  be  so  great  that  apparently  a  subtraction  from  the  strength 
would  have  to  be  made  for  the  presence  of  a  small  amount  of  man- 
ganese.    This  paradox  would  be  due  to  oxygen. 

On  the  second  page  of  his  paper  the  author  says:  "The  effect 
per  unit  of  manganese  seems  to  decrease  as  the  percentage  of  this 
element  increases.  For  instance,  steels  of  0.20  to  0.30  per  cent,  man- 
ganese show  greater  difference  in  ultimate  strength  than  steels  of  0.50 
to  0.60  per  cent,  manganese,  all  other  elements  being  the  same." 
This  behavior  of  the  metal  may  be  explained  as  the  effect  of  oxygen, 
though  if  that  should  vary  "all  other  elements"  would,  of  course, 
no  longer  be  the  same. 

The  increase  of  strength  due  to  manganese  is  apparently  greatest 
between  0,20  to  0.30  per  cent,  because  between  those  limits  the  removal 
of  the  oxygen  is  the  fastest;  that  is  to  say,  in  following  along  a 
series  of  tests  of  heats  of  steel,  running  from  0.50  to  0.20  per  cent,  of 
manganese,  the  percentages  of  oxygen  would  be  found  to  increase 
faster  between  0.30  and  0.20  per  cent,  than  elsewhere  in  the  series. 
A  furnace-practice  that,  with  the  same  final  additions  of  manga- 
nese, gives  proportions  of  manganese  in  the  finished  steel  varying 
from  0.20  to  0.50  per  cent.,  is  almost  certain  to  yield  a  product  in 
which  the  oxygen  will  also  vary  greatly. 
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(Discussion  of  the  Paper  of  H.  B.  Small,  p.  774.) 

J.  Lainson  Wills,  Ottawa,  Can.  (Communication  to  the  Sec- 
retary) :  The  localities  of  the  Quebec  and  Ontario  apatite  deposits, 
and  the  nature  of  their  occurrence  have  been  often  described  in  the 
Transactions  and  in  other  publications  that  are  readily  available, 
and  I  do  not,  therefore,  intend  to  discuss  the  many  details  advanced 
in  Mr.  Small's  paper  beyond  the  following  two  points : 
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First,  the  author  says,  "  The  rocks  of  the  mountain-range  which 
traverse  this  district  are  composed  of  pyroxene,  representing  the 
'spotted  gabbro'  of  Norway,  intermixed  with  quartzite,  orthoclase, 
mica,  gneiss,  and  crystalline  limestone;"  as  a  fact,  the  mountain- 
ranges  are  composed  of  the  Laurentian  gneissic  rocks,  and  the  pyrox- 
ene or  pyroxenite  appears  in  them  as  intrusive  dykes  or  interstrati- 
fied  beds,  associated  with  the  minerals  above  mentioned  and  many 
others,  including  apatite. 

Second,  the  author's  observations  on  the  feasibility  of  manufac- 
turing superphosphate  in  Canada  are  somewhat  less  encouraging 
than  certain  known  facts  lead  us  to  believe.  The  most  serious  factor 
in  the  economic  success  of  such  manufacture  is  perhaps  the  market 
demand  for  the  product  within  a  reasonable  radius  of  the  center  of 
production  ;  all  other  circumstances  are  greatly  in  favor  of  the 
Canadian  manufacture. 

Mr.  Small's  paper,  as  a  whole,  would  leave  an  impression  upon 
the  ordinary  reader  that  Canadian  phosphate-mining  is  fairly  pros- 
perous, and  only  suffering  from  transient  depression  and  certain  com- 
mercial anomalies,  yet  it  must  be  admitted  that  this  industry,  which 
has  shown  a  steady  decline  during  the  past  two  years  in  direct  ratio 
to  the  development  of  the  marvellous  Florida  deposits,  is  now  en- 
tirely unreraunerative,  and  there  appears  to  be  little  hope  of  a  return 
to  the  market-prices  of  three  and  four  years  ago. 

The  writer,  after  an  intimate  experience  with  the  phosphate  mar- 
kets and  various  localities  of  phosphate  production,  including  the 
Canadian  field  of  supply,  to  which  he  has  devoted  the  past  five  years, 
has  always  strongly  advocated  the  proposal  of  utilizing  this  apatite 
on  the  spot  by  the  preparation  of  superphosphate  fertilizers,  in  place 
of  shipping  the  raw  material  across  the  Atlantic,  and  he  does  so  be- 
lieving it  to  be  the  only  means  of  rescuing  the  industry  from  perma- 
nent collapse. 

The  chief  evil  with  the  Canadian  phosphate  industry  arises  from 
the  fact  that  it  has  always  been  heavily  handicapped  by  the  self- 
imposed  task  of  preparing  a  highly-concentrated  product  (eighty  per 
cent,  tribasic  phosphate  of  lime)  for  a  transatlantic  market ;  this  not 
only  occasions  a  considerable  extra  cost  on  account  of  the  careful 
mining,  cobbing  and  selection  involved,  but  likewise  proiluces  a  ruin- 
ous waste  in  the  large  proportion  of  non-utilizable  low  grades  which 
are  thrown  over  the  dumps;  that  is  to  say,  all  ore  below  sixty  per 
cent,  of  tribasic  phosphate  of  lime  being  unmarketable  in  Canada,  and 
not  capable  of  standing  transportation  charges,  is  not  only  lost,  but 
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thereby  augments  the  already  exaggerated  cost  of  production.  When 
we  reflect  that  raw  phosphates  as  low  as  thirty  per  cent,  can  be  mar- 
keted in  Europe,  and  also  bear  in  mind  the  costly  mining  of  apatite 
in  the  pockety  deposits  of  the  hard  Laurentian  rocks,  this  handicap 
on  the  Canadian  industry  is  apparent. 

]Mr.  Small  argues  that  because  Great  Britain  receives  an  average 
of  only  6.5  per  cent,  of  her  total  imported  raw  phosphates  from 
Canada,  "  there  is  room  in  England  for  all  the  phosphate  Canada  is 
likely  to  produce;"  but  it  is  also  true  that  industries  only  persist  so 
long  as  they  yield  a  profitable  return,  and  consequently  the  mining 
of  Canadian  apatite  for  a  transatlantic  market  is  irretrievably  an 
expiring  industry. 

The  practical  details  for  the  establishment  of  superphosphate  fer" 
tilizer-works  at  certain  suitable  localities  in  Canada  have  been  well 
studied  out  by  competent  authorities, — Dr.  Francis  Wyatt,  of  New 
York,  among  others, — and  their  reports  have  been  in  every  way 
favorable,  showing,  moreover,  that  chamber  sulphuric  acid,  which  is 
the  key  to  this  manufacture,  can  be  obtained  from  the  Canadian  py- 
rites of  the  Eastern  Townships  at  as  low  a  figure  as,  say,  three  dollars 
per  ton,  on  the  basis  of  utilizing  the  sulphur  of  the  argentiferous 
copper-pyrites  works,  which  is  at  present  wasted.  The  inquiry  into 
the  cost  of  transport  of  the  raw  materials  to  a  central  locality  of 
manufacture,  to  be  selected  at  an  intermediate  point  in  the  two  hun- 
dred miles  which  separate  the  apatite  from  the  pyrites,  shows  that  Mr. 
Small's  alarm  on  this  score  is  quite  unfounded  ;  in  fact,  few  fertilizer 
manufacturing  centers  are  found  to  possess  so  many  advantages  for 
obtaining  cheap  sulphuric  acid,  unlimited  water-power  for  grinding, 
etc.,  as  are  presented  by  the  district  in  question. 

A  most  important  advantage  to  the  economic  mining-cost  of  Cana- 
dian apatite  will  result  when  the  mines  are  worked  as  a  supply  for 
the  domestic  manufacture  of  fertilizers,  since  the  sixty-five  per  cent, 
phosphate  suitable  for  that  industry  can  be  produced  direct  from  the 
deposits  without  the  present  charges  for  cobbing  or  dressing;  that 
is  to  say,  when  the  average  ore  no  longer  is  robbed  of  its  eighty  per 
cent,  constituent,  the  total  output  of  marketable  phosphate  will  be 
increased  by  at  least  thirty  per  cent.,  and  the  raining  cost  will  be 
correspondingly  reduced. 

This  new  local  industry,  ofi'ering,  as  it  does,  the  only  salvation  for 
the  declining  Canadian  apatite  mining  enterprises,  should  not  be  too 
lightly  proscribed,  without  more  valid  evidence  against  it  than  is 
presented  in  Mr.  Small's  paper. 
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Mr.  Small:  The  remarks  of  Mr.  "Wills  upon  the  geology  indi- 
cate a  distinction  rather  than  a  diiFerence.  In  the  Report  of  the  Geo- 
logical Survey  of  Canada  for  1878,  "  Report  on  the  Minerals  of  some 
of  the  Apatite-bearing  Veins  of  Ottawa  County/'  Dr.  B.  J.  Harring- 
ton says  :  "  Judging  from  the  localities  visited  by  me  in  Ottawa 
County,  there  is  an  intimate  connection  between  the  apatite  veins 
and  certain  pyroxenic  rocks,  which,  on  account  of  this  connection, 
may  be  looked  upon  as  representing  in  one  sense  at  least,  the  so-called 
spotted  gabbro  of  Norway.  These  pyroxenic  rocks,  called  by  Hunt 
'  pyroxenites,'  sometimes  consist  almost  exclusively  of  pyroxene, 
though  more  commonly  quartz  and  orthoclase  are  present." 

In  a  short  paper  entitled  "  Note  on  the  Apatite  Region  of  Can- 
ada,"* Dr.  Sterry  Hunt,  speaking  of  the  lodes  of  apatite,  says : 
"These  lodes  include  a  granitoid,  feldgpathic  rock  and  a  pyroxene 
rock,  with  large  masses  of  quartz,  of  carbonate  of  lime,  of  pyrites 
and  of  apatite.  All  of  these  often  show  a  banded  structure,  not  un- 
like that  of  the  gneiss,  to  which  they  are  evidently  posterior,  and  of 
which  they  often  contain  fragments."  When  I  accompanied  Dr. 
Hunt  on  several  visits  to  the  aj)atite  mines,  I  always  understood  his 
ideas  to  be  substantially  as  they  are  expressed  in  this  quotation  from 
his  paper.  This,  however,  is  not  in  any  way  denying  the  presence 
of  gneiss  as  a  large  component  of  the  Laurentian  rocks ;  perhaps 
my  meaning  would  have  been  clearer  if  I  had  explained  that  the 
mountain-range  referred  to  in  my  description  was  that  in  the  apatite 
district.     * 

As  regards  my  remark  "  that  there  is  room  in  England  for  all  the 
phosphate  Canada  is  likely  to  produce,"  I  have  only  to  say  that  this 
is  a  quotation  from  the  Statistical  Year-Book  of  Canada,  for  1891, 
p.  325,  published  by  the  Canadian  government. 

Mr.  Wills  speaks  of  "all  ore  below  60  per  cent,  of  tribasic  phos- 
phate of  lime  being  unmarketable  in  Canada,  and  not  capable  of 
standing  transportation  charges,"  but  says  almost  immediately  after- 
ward, "  raw  phosphates  as  low  as  30  per  cent,  can  be  marketed  in 
Europe."    Surely  there  must  be  transportation  charges  on  the  latter. 

The  subject  of  sulphuric  acid  for  phosphate-works  is  a  trade  ques- 
tion, rather  than  a  scientific  one,  and  is  for  those  interested  therein 
to  decide.  I  share  Mr.  Wills's  opinion  that  the  manufacture  of 
superphosphate  would  be  one  of  the  greatest  incentives  in  the  interest 
of  the  mines. 

*  Transactions,  xiv.,  p.  495. 
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TBE  BIG  STONE  GAP  COAL-FIELD. 

(Discussion  of  the  Paper  of  James  M.  Hodge,  p.  922.) 

Marius  R.  Campbell,  Washington,  D.  C.  (Communication  to 
the  Secretary) :  Having  spent  considerable  time  in  a  systematic  study 
of  this  field,  both  as  regards  (he  details  of  its  structure  and  strati- 
graphy and  the  broader  question  of  its  relation  to  the  Appalachian 
basin,  I  wish  to  add  a  word  concerning  the  correlations  made  by 
Mr.  Hodge  in  his  paper. 

From  a  commercial  standpoint,  the  question  of  correlation,  even 
along  the  strike,  is  of  little  or  no  importance,  for  the  variability  is 
such  that  each  opening  should  be  tested  individually,  regardless  of 
the  horizon  at  which  it  appears;  but  these  correlations  assume  an 
entirely  different  aspect  when  their  scientific  bearing  is  considered; 
they  then  become  of  vital  importance,  and,  before  being  accepted, 
should  be  subjected  to  the  most  rigid  scrutiny  and  severe  tests. 

INIr.  Hodge  states  positively  that  the  Imboden  seam  of  coal  is 
equivalent  to  the  Elkhorn  coal  of  Pike  and  Letcher  counties,  Ken- 
tucky. In  the  writer's  opinion,  such  equivalency  is,  at  the  utmost, 
only  a  possibility.  This  correlation  has  been  generally  adopted 
by  the  geologists  of  the  Kentucky  Geological  Survey,  but'the  writer 
has  been  unable  to  find  on  what  grounds  they  base  the  statement. 
The  evidence  of  identity  seems  to  be  in  the  character  of  the  coal,  as 
both  seams  furnish  fine  coking  coal;  also,  in  the  similarity  of  the 
interval  between  them  and  the  "  Bee  Rock,"  or  top  of  the  great  con- 
glomerate. It  is  probably  an  easy  matter  to  determine  the  thickness 
of  this  interval  on  Elkhorn  creek,  and  we  will  assume  that  the 
measure  of  300  to  350  feet  is  correct.  In  the  Big  Stone  Gap  field, 
the  question  of  measuring  the  interval  between  the  Imboden  and 
the  "Bee  Rock"  is  exceedingly  difficult.  The  line  of  outcrop  of 
this  mass  of  strata  is  along  the  northern  base  of  Stone  mountain, 
and,  in  the  uprising  of  the  great  arch,  the  strata  on  its  flanks  have 
been  thrown  into  many  minor  folds,  and,  in  places,  have  been  broken 
by  local  faults.  This  complicated  structure,  together  with  the  ab- 
sence of  any  well-marked  stratum,  renders  it  exceedingly  difficult 
to  obtain  a  correct  measure  of  the  intervening  sandstones  and  shales. 
The  interval  of  300  to  350  feet,  assigned   by  Mr.  Hodge,  is  mani- 
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festly  too  small,  and  disagrees  with  his  statement  further  on.  He 
says:  "Along  Powell  river,  from  Big  Stone  Gap  nearly  to  Norton, 
it  (Iraboden)  is  found  in  the  ends  of  the  spurs  on  the  north  from  300 
to  400  feet  above  the  river."  The  river  in  this  distance  nowhere 
touches  the  conglomerate,  hence  the  interval  must  be  greater  than 
his  maximum  elevation,  400  feet.  Again,  in  almost  all  cases,  there 
is  a  northward  dip  of  the  strata,  that  increases  on  approaching  Stone 
Mountain  from  60°  to  70°.  This,  also,  would  tend  to  increase  the 
interval,  which,  in  the  writer's  opinion,  would  be  nearer  1000  than 
350  feet. 

The  writer  endeavored  to  identify  the  Imboden  seam  across  the 
Big  Black  mountain,  and  establish  its  existence  in  Kentucky,  but 
failed  to  find  a  coal  near  that  horizon  that  in  the  least  resembled  the 
noted  Imboden,  The  only  place  where  coal  is  found  that  would 
correspond  to  this  seam  is  on  Clover  Lick  creek,  where  it  shows  only 
18  inches  thick.  At  all  other  points,  search  failed  to  reveal  a  coal, 
and,  if  present,  it  is  probably  a  thin  insignificant  seam.  The  work 
of  the  writer  tended  to  show  that  the  Iraboden  is  a  local  development 
of  an  otherwise  unimportant  seam,  and  that  it  is  mainly  limited  to 
Wise  county,  Virginia. 

So  it  appears,  that  the  similarity  of  the  interval  is  deceptive  ;  that 
the  assumed  persistence  of  the  Imboden  seam  in  the  direction  of 
Kentucky  is  quite  doubtful,  and  that  the  identity  is  maintained 
solely  on  the  coking  quality  of  the  coal.  This,  of  course,  is  not  suf- 
ficient, and  it  rests  with  the  geologists  who  have  proclaimed  this 
identity  to  give  the  facts  upon  which  it  has  been  based. 

Mr.  Hodge  assumes  that  the  whole  of  the  immense  series  above 
the  conglomerate  corresponds  to  the  300  feet  of  Lower  Productive 
measures  of  Pennsylvania.  This  is  an  assumption,  pure  and  simple, 
as  the  facts  are  not  available  for  correlation  between  the  two  portions 
of  the  field.  It  is  quite  possible,  that  in  the  Big  Stone  Gap  field 
the  entire  series  is  pre.sent,  up  to  and  including  the  Permo-Carbon- 
iferous ;  but  nothing  definite  can  be  said  until  the  intervening  ter- 
ritory shall  have  been  more  fully  studied. 

The  classification  and  correlation  of  the  great  Coal-Measure  series 
of  the  Appalachian  basin  is  a  difficult  and  obscure  subject,  and  geolo- 
gists should  be  careful  about  making  hard  and  fast  correlations,  as 
the  time  has  hardly  arrived  for  taking  a  comprehensive  view  of  the 
field  and  determining  the  equivalency  of  its  important  members. 

Mr.  Hodge  :  It  appears  to  me  that  Mr.  Campbell  rather  over- 
reaches  the   mark   in   saying  that  from  a  scientific  standpoint  the 
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correlations  of  coal-beds  are  of  vital  importance.  Uudouhtedly,  cer- 
tainty with  regard  to  these  correlations  would  be  interesting  scientifi- 
cally, and  not  without  value  commercially,  though  in  both  respects 
it  is  apt  to  be  overrated.  The  only  point  of  scientific  importance  is, 
in  my  opinion,  not  a  matter  of  detail  as  to  each  particular  bed,  but 
the  fact  that  such  variation  exists  in  the  beds  as  we  are  agreed  upon 
does  exist  in  this  field. 

As  regards  the  equivalency  of  the  Imboden  and  Elkhorn  beds,  it 
is  admitted  that  circumstantial  evidence  only  has  led  to  that  conclu- 
sion. But  it  is  not  based  on  the  character  of  the  coal  alone.  Such 
a  mass  of  information  has  been  obtained  tending  to  it  as  would  re- 
quire a  separate  paper  for  its  exposition.  It  has  been  derived  in 
part  through  the  extensive  work  of  the  Kentucky  Geological  Survey, 
only  in  part  published,  and  through  long  corroborative  personal  in- 
vestigation of  the  Virginia  and  Kentucky  fields. 

It  certainly  is  difficult  to  obtain  a  correct  measure  of  the  interval 
between  the  Imboden  bed  and  the  top  of  the  conglomerate  measures. 
But  this  difficulty  lies  almost  wholly  in  defining  the  top  of  the  latter, 
which  I  regard  as  lying  considerably  above  the  conglomerate  roch, 
and  as  appearing  above  the  bed  of  Powell  river. 

If  Mr.  Campbell  will  accept  this  view,  he  will  find  no  discrepancy 
in  my  statements  ;  and  this,  I  think,  he  must  do  on  learning  that 
conglomerate  rock  lies  upon  the  hills  north  of  Gess  river,  at  the 
mouth  of  Toms  creek,  as  first  noticed  by  Prof.  Lesley,  and  as  re- 
cently found  at  Tacoma,  six  miles  east  of  Norton. 

It  is  quite  possible,  but  it  is  not  deemed  probable,  that  the  strata 
under  discussion  include  much  more  of  the  Pennsylvania  series 
than  I  have  assumed.  The  matter  is  open  to  further  development, 
which  may  lead  to  unexpected  results.  An  increased  thickness  of 
the  Big  Stone  Gap  measures,  however,  will  hardly  be  disputed,  and 
the  "pure  ahd  simple"  assumption  was  not  made  without  knowledge 
of  facts  strongly  indicative  of  its  correctness,  but  outside  the  scope 
of  ray  paper. 

It  is  to  be  hoped  that  before  long  we  may  have  some  unquestion- 
able authority  to  settle  all  disputed  points  for  us,  but  meantime  we 
must  work  along  in  the  dark,  guess  and  guess  again,  as  best  we  may. 
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ERRATA. 

On  page  566,  in  the  sub-title  to  Prof.  Hall's  paper,  "October" 
should  be  "  June." 

On  page  572,  the  names  of  the  Regents'  Standing  Committee  on 
the  State  Museum  should  read :  "  the  Lieutenant-Governor,  the 
Superintendent  of  Public  Instruction,  William  L.  Bostvvick,"  etc. 

On  page  577,  line  16,  "granite"  should  be  "conglomerate;"  in 
line  22,  "east  and  north "  should  be  "  west ;"  and  in  line  8  from 
the  bottom,  "  limestone"  should  be  "  limonite." 

On  page  583,  in  line  6,  "  80  to  90  "  should  be  "  60  to  70." 
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price,  905  ;  as  a  reducing  agent,  902. 
American  iron-ore,  Marquette  county,  Mich.,  analysis  of,  678. 
American  Phosphate  Co.'s  phosphate  quariy  at  Crown  Point,  Essex  county,  N.  Y., 

158. 
Ammonia:  in  blast-furnace  gases,  814;  from  coke-ovens,  809;  decomposition  at  dif- 
ferent temperacures,  806;  from  gas- works,  804;  Mond's  process  of  obtaining,  808; 
sources  of,  798,  804;  tar,  heating-gas  and,  simultaneous  production  of^  234 :  yield 
at  different  temperatures,  806. 
Analyses  of  (see  also  assays  of ) :  Ash  :  coal-ash,  801 ;  coke-ash,  58. 
Carbon  coating  from  bosh-walls  of  a  blast-furnace,  113,  114. 
Cinder  (see  also  analyses  of  slag),  348  (puddling  furnace),  355. 

Coal:  United  States:    Colorado:   Garfield  county;    Xew  Castle,  920;   sunshine, 
920;  Indiana:  (bituminousj,  798 ;  Kentucky:  (canuelj,  805;   Ohio:  (bituminous), 
798;  Pennsylvania :  (bituminous),  798,  803;  Virginia  :  Imboden  coal-bed,  934. 
"Coal-apples"  from  Pennsylvania,  827,  828. 

Coke  :  861 ;  Big  Stone  Gap  coal-field,  934;  Counellsville,  57,  60;  Pineville,  57,  58,  60. 
Coke-ash,  Pineville,  Ky.,  58. 
Coke-bricks,  116. 

Copper-ore,  Rio  Tinto  mines,  Huelva,  Spain,  90. 
Cuprocassiterite,  241, 
Garnets,  Bohemian,  243. 

Gas:  heating-,  237  ;  weak  scrubber  liquors,  805. 
Iron  from  Radnor  furnace,  Canada,  990. 

Iron-ores:  (magnetic),  348  ;  (titaniferous),  861.   United  States  :  Colorado:  (titani- 
ferous),  833;    Connecticut:    (titaniferous),  833;    Michigan:    Marquette  range,  678  ; 
VOL.  XXI. — 64 
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Menominee  ranp;e,  078;  Minnesota:  Mesabi  range,  (5(51  (goetliite),  672 ;  Biwabik 
ores,  957,  900;  Vermilion  range,  677;  New  Jersey :  (titaniferous),  833  ;  Hnnterdon 
county;  Church,  275,  279;  New  York:  Adirondack  region  (titaniferous),  834 ; 
Putnam  county;  pyrites  from  Croton  magnetic  iron-mine,  513  ;  North  Carolina: 
Ashe  county  (magnetic),  262  et  seq.  ;  Center,  Guilford  and  Eockiugham  counties 
(titaniferous),  833 ;  South  Carolina:  Yorlc  county  (titaniferous),  833;  Virginia: 
"Gossan  "-ore,  137;  West  Virginia:  (titaniferous),  833;  Other  Countries: 
Canada:  (titaniferous),  833;  Three  Rivers  district  (bog-  and  lake-ores),  990; 
England:  'Norton  furna,CQ.,84:i;  New  Zealand :  (titaniferous),  833;  Norway:  (titani- 
ferous), 833;  Russia:  Ural  district  (titaniferous,,  833;  Sweden:  (titaniferous), 
833;  Flaten  Wermland  (lake-ore),  990. 
Limestone  :  348;  from  Hackettstown,  N.  J.,  861. 

Ore-mixture:  Durliam  furnace,  Riegelsville,  Pa.,  348;  Pottstown  Iron  Co.,  353. 
Phosphates  :  164,  165,  172;  Florida  deposits,  225  etseq. 
Pig-iron  :  347,  349  ;  from  PottstowLt  Iron  Co.,  755. 
Pyrites,  magnetic,  or  "mundic,"  from  Virginia  mines,  1.38. 
Silver-ores  :  from  Aspen,  Colo.,  921 ;  from  Tasmania,  582. 

Slags  (see  also  analyses  of  cinder) :  348,  366  el  seq.  ;  from  Adirondack  blast-furnaces, 
N.  Y.,  846;  basic  Bessemer,  232;  from  Norton  furnace,  England,  844;   from  Peru- 
vian silver-lead  smelting-furnaces,  30;  from  titaniferous  iron-ores,  851  et  seq. 
Steel,  Pottstown  Iron  Co.,  747  et  seq. 

Ancient  Method  of  Silver- Lead  Smelting  in  Pern  (Pfordte)  [xxiij,  25, 

Anderson  (Mullins)  lead-fluorspar-mine,  Hardin  county,  Ills.,  33. 

Anderson,  Prof.  T.,  analysis  of  coal-ash  by,  801. 

Anderson  Well  lead-fluorspar-mine,  Hardin  county.  Ills.,  45  et  seq. 

Animikie  black  slates,  Mesabi  iron-range,  653. 

Anson  S.  copper-mine.  Grant  county.  New  Mexico,  309. 

Anthracite,  occurrence  of  coarse  conglomerate  above  the  Mammoth  bed,  713. 

Apatite:  associated  with  beds  of  magnetite,  159;  associated  with  pyrrhotite  at  Lake 
Hopatcong,  Morris  county,  N.  J.,  159;  in  Canada,  140  et  seq.,  774;  character  of 
Canadian  deposits,  140,  159;  crystalline,  in  beds  of  iron-ore,  160;  hardness  and 
specific  gravity  of,  176 ;  occurrence  in  New  England  associated  with  limestone 
and  other  minerals,  140;  "red  sand"  of  Sauford  ore-bed,  Essex  county,  N.  Y., 
158. 

Appalachian  coal-fields:  area  of,  54;  coke-product  of,  54. 

Appalachian  Province,  structural  features  of,  552. 

Appolt  oven,  811. 

Areal  Work  of  the  United  States  Geological  Survey  (McGee)  [xlv],  60S. 

Armstrong  iron-mine,  Vermilion  range,  Minn.,  677. 

Arsenic,  efitict  of,  on  phosphorus,  794. 

Ash,  analyses  of:  coal-ash,  801;  coke-ash,  58. 

Assays  of  (see  also  analyses  of) :  copper  (gray)  in  Peru,  27 ;  galena  in  Peru,  27;  slags 
from  Peruvian  smelting-furnaces,  30. 

Associates:  election  of,  xxix,  xxxix,  xlviii,  Ivii,  lix;  made  members,  xxx,  xxxix, 
xlviii,  lix. 

Association,  of  Apatite  ivith  Beds  of  Magnetite  (Bl.\ke)  [xx],  159. 

Atlantic  copper-mine,  Houghton  county,  Mich.,  crushing  and  separation  of  ore  at,  548. 

Au  Sable  Chasm,  visit  to,  xlii. 

Austral-Otis  Engineering  Works,  Melbourne,  Australia,  583. 

Aznalcollar  copper-mine,  Spain,  94. 

Azurite,  pseudomorphs  of  native  copper  after,  308  et  seq. 

Baare  forging-press,  335  et  seq. 

Babbitt,  H.  C.  :  Notes  on  Emmcrton's  Method  for  the  Determination  of  Phosphorus  [Ivi], 
794. 
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Bachman,  F.  E.,  remarks  in  discussion  of  Mr.  Morris's  paper  on  the  control  of  silicon 

in  pig-iron,  351. 
Bacon,  D.  H.  :  The  Sysiem  of  FiUiiKj  at  the  Mines  of  the  Minnesota  Iron  Company,  Sou- 
dan, Minn,  [xxxvi],  299. 
Baird,  S.  F.,  on  fossil  remains,  154. 
Baker,  David;  A  Keiv  Method  of  Removing  Skulls  from  Direct-Metal  Ladles  [sxi],  122; 

The  Rod-Drill  Applied  to  Opening  the  Tapping-Hole  of  a  Blust-Furnace  [xlvi],  588; 

remarks  in  discussion  of  Mr.  Coffin's  paper  on  hot-blast  stoves,  727. 
Ball,  C.  M.  :   The  Cummings  Ore- Granulating  Mill  [xxxvi],  516  [534]. 
Ballou  magnetic  iron-ore  belt,  Ashe  county,  N.  C,  262. 
Baltimore  Copper  Works,  visit  to  [xxx]. 
Bardou  telescope,  993  et  seq. 
Bar- iron.  Swedish,  from  bog-ores,  976. 
"  Barrel-quartz  "  in  Waverly  gold-mine.  Nova  Scotia,  142. 
Barrus,  George  H.,  report  on  crushing  machinery  and  magnetic  separators  at  Clover 

Hill  iron-mine,  Croton  Falls,  N.  Y.,  537. 
Basic  Bessemer  Steel  Plant  of  the  Pottstown  Iron  Company  (Hartshokne)  [xlv],  743. 
Basic  material  for  lining  furnaces,  745. 
Basic  Slags  as  Fertilizers  (MoRPas)  [xx],  232. 
Baskerville,  analyses  of  magnetic  iron-ore  by,  263  et  seq. 
B.  B.  Norway  iron-ore,  Menominee  range,  Mich.,  analysis  of,  678. 
Beardsley  George  F.  :    The  Zeehan  and  Dundas  Smelting- Works,  Tasmania  [xlv],  575 

(see  Errata,  1007). 
Bede  Metal  and  Chemical  Co.,  Newcastle-on-Tyne,  Eng.,  101. 
"  Bee-hive"  ovens,  809  et  seq. 

Belts:  plain  rs.  corrugated,  for  vanners,  280;  rubber,  for  magnetic-concentration  con- 
veyors, 542. 
Beiidigo  Gold-Field  {Second  Paper) :  Ore-Deposits  other  than  Saddles  (Eickard)  [xlvi], 

686. 
Bendigo  gold-field,  Victoria,  Australia:  faulting,  690,  et  seq.:  lava  dikes,  692,  et  seq.  ; 

occurrence  of  ore,  692;  "spur-formation,"  687  et  seq. 
Benson  iron-mine,  St.  Lawrence  count}-,  N.  Y.,  magnetic  concentration  at,  522. 
Benton  stamp-mill  (gold),  Mariposa,  California,  547. 
Benzine  from  closed  coke-ovens,  814. 

Berriuger  iron-mine,  Mesabi  range,  ilinn.,  660;  analysis  of  ore,  672. 
Berzelius  method  of  phosphate  analysis,  175. 
Bessemer  converters:  fertilizing  slag  a  by-product  from,  233  ;  of  Pottstown  Iron  Co.'s 

steel  plant,  750. 
Bessemer  ore,  output  of,  by  Minnesota  Iron  Co.  in  1891,  677. 
Bessemer  pig-iron  ;  cost  above  oi-dinary  pig,  487  ;  product  during  five  years,  1887-1891, 

476  et  seq. 
Bessemer  steel :  influence  of  carbon  and  phosphorus  on  strength   of,  766;  tests  for 

carbon-limit,  766. 
Bessemer  steel-plant  of  Pottstown  Ii'on  Co.,  743  et  seq.,  766. 
Bethlehem  Iron  Company,  Bethlehem,  Pa.,  343. 

Betty  Baker  iron-mine  (formerly  copper-mine),  Carroll  county,  Va.  [135]. 
Big  Stone  Gap  coal-field :  geology  of,  923 ;  sections  of,  at  Big  Black  and  Little  Black 

Mountains,  926. 
Big  Stone  Gap  Coal-Field  (Hodge)  [Ivi],  922  ;  discussion,  1004. 
Biographical  Notice  of  Edward  Nichols  (Neilson)  [xix],  76. 
Biographical  Notice  of  Thomas  Sterry  Hunt  (DouCiLAS)  [xxxv],  400. 
Biographical  Notice  of  William  Powell  Shinn  (Weeks)  [xxxv],  394. 
Birdsboro  iron-works,  Schuylkill  Valley,  Pa.,  620. 
BiRKiNBiNE,  John  :  The  Development  of  Technical  Societies  (Presidential  Address  at 

Montreal)  [lii],  962 ;  Industries  of  the  Schuylkill    Valley  (Presidential  Address  at 
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Esading,  Pa.)  [xlv.],  618  ;  The  Influence  of  Location  upon  the  Pig-iron  Industry 
(Presidential  Address  at  Plattsburgh)  [xxxv],  473;  remarks  iu  discussion  of  Mr. 
Coffin's  paper  on  hot-blast  staves,  735;  on  the  crushing  of  iron-ore  for  magnetic 
separation,  548;  of  Mr.  Gayley's  paper  on  the  preservation  of  hearth  and  bosh- 
walls,  118;  of  Mr.  Nitze's  paper  on  the  magnetic  (titauiferous)  iron-ores  of  Ashe 
county,  X.  C,  277,  278. 

Bisbee  copper-mine.  Cochise  connty,  Ariz.,  309, 

Bischof  on  solubility  of  lime  ii>  carbonated  water,  214. 

Bitumen  associated  with  zinc-blende  and  galenite  in  limestone  beds  in  southwest 
Missouri,  3. 

Biwabik  iron-mine,  Mesabi  range,  Minn.,  658  et  seq;.,  951;.  analyses  of  ore,  672,  957, 
960;  discovery  of,  680;  method  of  mining  at,  960. 

Biwabik  Mine  (Winchell,  H,  V.  and  Joxes,  J.  T.)  [Iv],  951. 

Biwabik  Mountain  Iron  Co.,  i^Eesabi  range,  Minn.,  680. 

Biwabik  Ore  Co.,  953". 

'  ■  Black  Maori "  of  New  Zealand  gold-mines,  4.54. 

Blagodatj  iron-mines,  Ural  Mountains,  apatite  associated  with  magnetic  iron  at,  160. 

Blair,  A.  A.,  on  a  stirring  machine  for  determining  carbon  in  steel,  305. 

Blair  iron-mine,  Carroll  county,  Va.  [135].. 

Blake  ore-crusher,  526,  534  et  seq. 

Blake.  Theodore  A.,  remarks  in  discussion  o«  the  crashing  of  iron-ore  for  mag- 
netic separation,  546. 

Blake,  William  P. :  Association  of  Apatite  with  Beds  of  Magnetite  [xx],  159  ;  Contri- 
bution to  the  Early  History  of  the  Industry  of  Phosphate-  of  Lime  w  the  United 
States  [xx],  157;  A  New  Form  of  Furnace  for  Boasting  and  Oxidizing  Ores  [Iv],  943; 
Xute  on  fhe  Magnetic  Separation  of  Iron-Ore  at  the  Sandford  Ore-Bed,  Moriah,  Essex 
County,  X.  Y.,  in  1852  [xxxvii],  378;  remarks  in  discussion  on  the  crushing  of 
iron-ore  for  magnetic  separation,  546;  of  Mr.  Lawrence's  paper  on  the  lease-sys- 
tem of  mining  iu  Colorado,  915;  of  Mr.  Tratman's  paper  on  uufreezable  dyna- 
mite, 942 ;  of  Mr.  Wiltsee's  paper  on  the  geology  of  the  Half-Moon  mine,  873. 

Blast-furnace  construction:  bosh  cooling-plates:  Fronheiser's,  106;  Gayley's,  109; 
Hunt's,  103;  Kennedj-'s,  104,  119;  Scott's,  106 ;  carbon-brick,  114;  lining  of 
hearth  and  bosh,  102;   tank-bottom,  117. 

Blast-furnace  practice  :  carbon  deposition  on  bricks,  112  ;  charges  at  Norton  furnace, 
England,  844;  controllable  limits  of  silicon  and  sulphur  in  pig,  346,  351;  cooling 
arrangements  for  the  preservation  of  bosh-walls,  103  ;  direct  pass  liot-blast  stoves, 
720  et  seq. ;  Durham  hot-blast  stoves,  720  et  seq. ;  Edgar  Thomson  furnace  I,  re- 
cord of,  120;  liearth  and  bosh-walls,  preservation  of,  102  et  seq. :  linings,  average 
life  and  thickness  of,  750;  destroyed  by  heat,  65;  low  silicon  in  pig  due  to  fast 
driving,  346,  .350;  rock-drill  applied  to  opening  the  tapping-hole,  588 ;  rules  for 
determination  of  material,  product  and  cost,  66  rf  seq. ;  selection  of  fuels,  61  et  seq.  ; 
slags,  calculation  of  oxygen  ratio,  848;  sulphur  in  pig  increased  by  cold  run- 
ning, 346;  titauiferous  ores,  infusibility  of,  866;  titauiferous  slags,  842;  utiliza- 
tion of  heat,  720  ;  Whitwell  hot-l>last  stoves  (modified),  720,  724. 

Blastfurnaces:  early  American,  835,  845;  in  operation  in  the  United  States  during 
1887-91,478;  Blast  Furnaces  of  the  United  States:  Manjtand :  Sparrow's 
Point;  Maryland  Steel  Company,  589;  Nem  Jersey:  Middlesex  county,  Perth 
Amboy,  8.59;  Warren  county,  Oxford,  279;  Pequest  [279],  350;  New  York:  Adi- 
rondack district,  845 ;  Ohio :  Cleveland  Eolling  Mill  Company,  110  ;  Pennsylvania  : 
Alleglieuy  county,  Pittsburgh,  Eliza  [119],  Isabella,  720  et  seq.,  Lucy  [104],  108 
et  seq.;  Berks  county,  E.  &  G.  Brooke  Iron  Co.,  726;  Robesonia,  621;  Bucks 
county,  Durham,  276,  278,  348  et  seq. ;  Cambria  county,  Johnstown,  Cambria  Irou 
Co.,  106 ;  Lancaster  county,  Elizabeth  (ancient),  621 ;  Lawrence  county,  Bessemer, 
Edgar  Thomson,  104  <;<  seg. ;  Lebanon  county,  Cornwall  (charcoal),  621 ;  Lehigh 
county,  Catasauqua,  Crane  Irou  Works,  103,  113;  Montgomery  county,  Warwick 
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[xlix],  351,  357,  619,  721  et  seq.\  Scliuylkill  Valley,  Coiebrookdale  (ancient),  618  ; 
]lrginia:  Pulaski  county,  Pulaski,  352;  Other  CouNTRiKg:  Austria:  Leoben, 
Donawitz,  120;  Cannda:  Radnor  Forges,  Canada  Iron  Furnace  Co.,  991;  France: 
Terre  Noire,  120;   Germany:  Gelsenkirchen,  116. 

"Blue-Billy"  from  Virginia  mines  available  for  pig-iron,  138. 

Blue  Diggings  lead-fluorspar-mine,  Hardin  county,  111.,  47  et  seq. 

Blue  Spur  and  Gabriel's  Gully  Consolidated  Mining  Company,  445. 

Blue  Spur  gold-deposit,  Otago,  New  Zealand,  432,436. 

Bochum  forgiiig-press,  335  et  seq. 

Bog  iron-ores  in  Canada,  977  et  seq. 

Bohemian  Garnets  (KuNz)  [sxii],  241. 

Boiler-explosi-ons,  effect  of,  374. 

Boilers  of  Pottstown  Iron  Co.,  size  of,  746. 

Bosh  cooling-plates:  bronze,  economy  of,  104,  111 ;  Froubeiser's,  106;  Gayley's,  109; 
Hunt's,  103;  Kennedy's,  104,  119;   Scott's,  108. 

Bosh-walls  of  the  blast-furnace,  cooling  arrangements  for  protecting,  103  et  seq. 

Bowron  on  smelting  titaniferous  iron-ores,  843  et  seq. 

Breen  iron-mine,  Menominee  range,  Mich.,  646. 

Brennan  ore-crusher,  526. 

Brewster,  E.  E.,  analyses  of  Biwabik  iron-ores  by,  957. 

Brick-making  plant  of  Pottstown  Iron  Co.,  745. 

Bricks:  carbon,  material  and  manufacture  of,  118  ;  fusibility  of  fire-bricks  in  a  blast- 
furnace, 112 ;  importance  of  design  and  material  of,  for  lining  bosh-walls,  112,  115. 

Beitton,  Prof.  N.  L.  :  Xote  on  a  Collection  -of  Tertiary  Fossil  Plants  from  Potosi,  Bolivia 
[xxxvi],  250. 

Bronze  the  best  material  for  bosh-wall  cooling-plates,  104,  111. 

Brooke,  E.  and  G.,  Iron  Co.,  blast-furnaces,  Birdsboro,  Pa.,  726. 

Brown  segmental  wire  gun,  exhibition  of.  [xlix]. 

Bro\cn  Segmental  Wire  Gun  (Wittman)  [xlv.],  599. 

Brueckner  pulverizer,  288. 

Brunner-Mond  soda-works,  Northwich,  England,  809,  814. 

BufHAN.^^X,  C.  G.,  remarks  in  discussion  on  the  crushing  of  iron-ore  for  magnetic 
separation,  540,  542,  544. 

Buchanan  magnetic  ore-separator,  526. 

Buchanan  rolls,  record  of,  534,  et  seq. 

Buck  Mountain  coal-bed,  Pennsylvania,  714,  719. 

Butte  iron-mines,  Vermilion  range,  Minn.,  677. 

Byram  irou-mine,  Morris  county,  N,  J.,  apatite  associated  with  ore  of,  160. 

Cabezas  del  Pasto  copper-mine,  Spain,  89  et  seq. 

Calculation  of  Slags  (Langdon)  [xxxvii.],  364. 

Cambria  Iron  and  Steel  Co.,  Johnstown,  Pa.  [.56] ;  bosh  cooling-box  at  blast-furnaces 
of,  106. 

Campbell,  Marics  R.,  remarks  in  discussion  of  Mr.  Hodge's  paper  on  the  Big  Stone 
Gap  coal-field,  1004. 

Canada:  aymtite  deposits,  140;  early  treatment  of  titaniferous  ores,  865;  manufac- 
ture of  charcoal-iron,  974  et  seq. ;  phosphate  districts,  176  et  seq.  ;  phosphate  mines, 
774,  1000 ;  pyrites-deposits,  778. 

Canadian  Iron  Furnace  Co.,  974;   blast-furnaces,  991. 

Canton  gold-mine,  Otago,  New  Zealand,  417. 

Canton  iron-mine,  Mesabi  range,  Minn.,  661  et  seq.;  analysis  of  ore,  673. 

Canton  Oil  Refineries,  visit  to  [xxx]. 

Carbon:  coating  from  bosh-walls  of  a  blast-furnace,  analyses  of,  113,  114;  condition 
of,  in  pig-iron  indicated  by  grain,  606;  deposition  of,  on  brick  lining  of  a  blast- 
furnace, 112 ;  in  pig-iron,  61 :  protection  to  the  bricks  of  bosh-walls,  112 ;  in  steel, 
766  et  seq. 
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Carbon-bricks  :  as  lining  for  beartb  and  bosb  of  blast-fiiruace,  114  et  seq. ;  manufac- 
ture and  material  of,  118. 

Carbon-steel :  composition  of,  627;  eifect  of  sudden  cooling  on,  626,  623. 

Caridad  copper-mine,  Spain,  94. 

Carpenter  Steel  Works,  Reading,  Pa.,  .599;  visit  to,  xlviii. 

Carpio  copper-mine,  Spain,  93. 

Castile  iron-ore,  Menominee  range,  Micb.,  analysis  of,  678. 

Cast-ii-ou,  cbilled,  use  of,  in  crusbing-macbiuery,  539. 

Catalan  forges  in  Xorth  Carolina,  261. 

Catherine  Reef  United  gold-mine,  Victoria,  Australia,  687  et  aeq. 

Cause  of  Faulting  (Church)  [Ivi],  782. 

Center  Creek  Mining  Company's  Zinc  5Iiues,  Jasper  county.  Mo.,  4  et  seq. 

Cbaniberliu,  T.  C,  report  on  the  geology  of  the  Upper  Mississippi  region,  42  [52]. 

Chandler  iron-mine,  Vermilion  range,  Minn.,  677;  analysis  of,  677. 

Cbapin  iron-ore,  Menominee  range,  Mich.,  analysis  of,  678. 

Charcoal-iron,  manufacture  of,  from  bog-  and  lake-ores,  974. 

Cha.'^e,  Haevey  S.  :  The  Chase  Magnetic  Ore-Separator  [xxxvi],  503. 

Chase  Magnetic  Ore-Separator  (Chase)  [xxxvi],  .50.3. 

Ciiase  magnetic  ore-separator,  exhibition  of,  xxxix. 

Chataed,  Thomas  M.  :  Phosphate  Chemistry  as  it  Concerns  the  Miner  [xx],  160. 

Chateaugay  iron-mines,  Clinton  county,  N.  Y.,  522. 

Cbateaugay  Ore  and  Iron  Company,  visit  to  iron-mines  of,  at  Lyon  Mountain,  Clinton 
county,  X.  Y.,  xli. 

Cbatillon  and  Commentry  forging-press,  343. 

Cherokee  coal-field,  Crawford  county,  Kan.,  9. 

Chert:  an  altered  limestone,  5  et  seq. ;  deposits  of  zinc-ore  in,  in  southwest  Mis- 
souri, 4;  of  Mesabi  iron-range,  652. 

Chert  lenses  as  carriers  of  ore-bodies,  4, 12. 

Chesapeake  Pottery,  visit  to  [xxx]. 

Cblorinatiou  Works:  South  Dalcotah :  Lawi-ence  county;  Deadwood,  Golden  Reward, 
314. 

Church  iron-mine,  Hunterdon  county,  N.J.  [274],  278,279. 

Chvrch,  John  A.:  The  Cause  of  Faulting  [Ivi],  782;  remarks  in  discussion  of  Mr. 
Wiltsee's  paper  on  the  geology  of  the  Half-Moon  mine,  871. 

Cincinnati  iron-mine,  Mesabi  range,  Minn.,  661  et  seq. ;  analysis  of  ore,  673. 

Cincinnati  lead-fluorspar  mine,  Hardin  county.  111.,  47  e(  seq. 

Cinder:  analysis  of,  355;  (puddling-furnace)  348. 

Clarence  iron-works,  Middleborongh,  Eug.,  345. 

Cleveland  Rolling  Mill  Company's  blast-furnace,  bosh  cooling-practice  at,  110. 

Clifton  copper-mine,  Graham  county,  Ariz.,  309. 

Clover  Hill  iron-mine,  Croton  Falls,  X.  Y.,  magnetic  separation  at,  534  et  seq. 

Clymer,  E,  T.  :   The  Gradiyig  of  Pig-iron  [xlvi],  605. 

Coal :  analyses  of,  798,  803,  805,  920,  934 ;  coking-coals  of  Big  Stone  Gap  coal-field,  928  ; 
cost  per  ton  at  Pocahontas,  Va.,  935 ;  deposits  of  soft-bitumiuous  in  southwest  Mis- 
souri, 3,  8;  "  Elkborn"  coking-coal,  Kentucky,  929;  for  making  coke  in  Semet- 
Solvay  ovens,  798;  number  of  tons  converted  to  coke  in  the  United  States  in 
1890,810:  percentage  of  nitrogen  in,  802.  Localities:  United  States:  Ken- 
tucky: Elkborn  coking-coal,  929;  Texas:  Fayette  county,  brown-coal  deposits, 
603  ;   Virginia  :  Big  Stone  Gap  (cannel  and  bituminous),  928. 

"  Coal-apples  "  :  analyses  of,  827, 828 ;  from  Laramie  coal-beds,  Colorado,  832  ;  in  Penn- 
sylvania coal-beds,  824. 

Coal-ash,  analyses  of,  801. 

Coal-basin,  Illinois-Indiana,  35. 

Coal-beds:  Pennsyhanin :  Buck  Mountain,  714,  719;  Mammoth,  713;  Texas:  brown- 
coal,  603;    Miginia  :  Imbodcn,  929. 
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Coal  and  coke,  number  of  tons  of,  carried  by  the  Norfolk  and  Western  Eailroad  from 
1883  to  1890  inclusive,  55. 

Coal-fields:  Appalachian,  Colorado  and  Illinois,  the  chief  source  of  commercial  coke, 
53;  character  and  area  of  Illinois,  53;  Kansas:  Crawford  county,  Cherokee,  9; 
Kentuclcy :  character  and  area  of  eastern  field,  56;  Pennsylvania :  growth  and  de- 
velopment of  anthracite,  622;    Virginia  :  Big  Stone  Gap,  922. 

Coal-mines:  United  States:  TnJiunn:  Vanderburgh  county,  Evansville  [798]; 
Kentuchy :  Livingston  county,  Col.  Trabue's  [40] ;  Ohio:  Jefl'erson  county,  Steu- 
benville  [798];  Pennsylvania:  Allegheny  county,  Ocean,  798  [805]:  Cambria 
county,  South  Fork  [798.  803];  Centre  county,  Pardee  [798];  Fayette  county, 
Hill-Farm-Parrish,  632;  Jefferson  county,  Reynolds  [798];  Schuylkill  county, 
Colket,  718;  East  Frauklin. 718;  Good  Spring,  718;  Greenwood,  718;  Kaska  Wil- 
liam, 718;  Maple  Hill  [xlix],  624;  Middle  Creek,  718;  Oakdale,  718;  Otto,  718; 
Payne,  718;  Richardson,  718:  Shippen  and  Wetherill  tract,  713  et  seq. ;  St.  Clair, 
718;  South  Pine,  718;  Tiiomaston,  718;  Tioga  county,  Morris  Run  [798,  803]; 
Westmoreland  county,  Westmoreland  Coal  Co.  [805]. 

Coals  and  Cokes  of  Eastern  Kentucky  (Allen)  [xxi],  53. 

Coffin,  W.  C.  :   Tlie  Hugh  Kennedy  Hot-Blast  Stove  [xlvi],  720. 

Coffrode  &  Saylor,  visit  to  iron-works  of  [xlviii]. 

Coke:  ammonia  and  tar,  yield  of.  from  closed  ovens,  813;  analyses  of,  861,  934:  com- 
mercial, chief  source  of,  in  United  States,  53;  comparative  analyses  of  Southern, 
Connellsville,  and  Pineville,  60;  Connellsville,  54  et  seq.  ;  Connellsville  and  Piue- 
ville,  physical  and  chemical  properties  of,  and  chemical  analysis  of,  57;  Connells- 
ville, New  River  and  Pocahontas,  statistics  of  manufacture,  1880  to  1889,  59;  cost 
per  ton  at  Pocahontas,  Ya.,  935;  investigation  of  coal  for  making,  798;  Pocahon- 
tas, use  of,  in  Virginia  furnaces,  55;  character  of  Pocahontas  ash,  351;  total  pro- 
duction of  Pocahontas,  936 ;  quality  of,  from  closed  ovens,  812  ;  statistics  of  manu- 
facture, 1880  to  1889,  Connellsville,  Pocahontas  and  New  River,  59. 

Coke-bricks,  analvses  of,  116. 

Coke-iron,  production  in  Virginia  in  1882, 1883  and  1889,  55. 

Colebrookdale  blast-furnace  (ancient),  618. 

Colket  coal-mine,  Schuylkill  county,  Pa.,  718. 

Colorado  Central  silver-mine.  Clear  Creek  county,  Colo.  [913]. 

Columbia  Iron  Works,  visit  to  [xxx]. 

Compression-crevices,  at  Ku  Shan  Tzu,  Mongolia,  787;  at  Tombstone,  Ariz.,  786. 

Concentration  (see  also  magnetic  concentration  and  magnetic  separation) :  at  Sanford 
ore-bed,  Essex  county,  N.  Y.,  378;  of  zinc-ore  at  Webb  city.  Mo.,  20. 

Concentration-works:  Missouri:  Jasper  county;   Webb  City,  20. 

Confidence  Extended  gold-mine,  Victoria,  Australia,  706. 

Connellsville  coal-seam,  section  of,  636. 

Connellsville  coke,  statistics  of  manufacture,  1880  to  1889,  59. 

Connellsville  coke-region:  development  of,  54;  number  of  coke-ovens  in,  54. 

Constable  on  control  of  silicon  in  pig-iron  [350]. 

Contribution  to  the  Early  History  of  the  Industry  of  Phosphate  of  Lime  in  the  United  States 
(Blake)  [xx],  1.57. 

Control  of  Silicon  in  Pig-iron  (MoREis)  [xxi],  345. 

Cook,  Edgar  S.,  remarks  in  discussion  of  Mr.  Coffin's  paper  ou  hot-blast  stoves,  721, 
725,  728,  734  ;  on  silicon  in  pig-iron,  351,  357. 

Cooling-plate  for  bosh-walls :  different  designs  for,  103  et  seq. ;  economy  of  bronze, 
104,  111;  height  above  the  tuyeres.  111. 

Coppee  oven,  811. 

Copper:  annual  production  in  United  States,  969;  character  of  ore-deposits  in  south- 
ern Spain,  89. 

Copper  Crystallizations  at  the  Copper  Glance  and  Potosi  Mines,  Grant  County,  New  Mexico 
(.Snow)  [xxxvi],  308. 
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Copper  Glance  and  Potosi  copper-mine,  Grant  county,  Xew  Mexico,  308. 

Copper-mines:  United  States  :  Arizona:  Cochise  county;  Bisbee,  309;  Graham 
county;  Clifton,  309;  Michigan:  Houghton  county;  Atlantic,  548;  New  Mexico : 
Grant  county;  Anson  S.,  309  ;  Copper  Glance  and  Potosi,  308 ;  Santa  Eita,  309; 
Other  Couxtkies  :  Spain  :  Aznalcollar,  94  ;  Cabezas  del  Pasto,  89  et  seq.  ;  Caridad 
94;  Carpio,  93  ;  Esperanza,  90  ;  Las  Herrerias,  93;  Joya,  92,93;  Lagunazo,  93,  94; 
Lapilla,  94;  Pefia  de  Hierro,  94 ;  Eio  Tinto,  90  e<  seg. ;  San  Dionisio,  94 ;  Santo 
Domingo,  P3;  Sierra  Bulloues,  93,  94;  Sotiel-Coronado,  94;  Tharsis,  90;  La 
Zarza,  93,  94. 

Cornell  gas  apparatus,  746. 

Cornwall  blast-furnace  (charcoal),  Schuylkill  Valley,  Pa.,  621. 

Cost  of:  Bessemer  pig,  487;  coal  per  ton  at  Pocahontas,  Va.,  935 :  coke  per  ton  at 
Pocahontas,  Va.,  935 ;  crushing  and  separating  copper-ore  at  Atlantic  mine, 
Mich.,  548;  geologic  maps,  616,887;  magnetic  concentration  at  Tilly  Foster  iron- 
mine,  521;  mining  in  Mesabi  range,  Minn.,  685  ;  mining  and  milling  low-grade 
phosphate-ores  in  Canada,  179;  mining  phosphate  in  Canada,  781;  mining  at 
Spanish  copper-mines,  92  et  seq.;  pig-iron,  assuming  values  for  material,  71; 
pig-iron  manufacture,  487;  producing  aluminum  by  Hall  process,  905;  refining 
sulphides  at  Mai-sac  mill.  Park  City,  Utah,  295  ;  topographic  surveys  and  maps,  616. 

Council,  report  of:  for  year  ending  January  31,  1892,  xsii;  1893,  Hi. 

Cowper  hot-blast  stove,  720. 

Cowper-Kenuedy  hot-blast  stoves,  725,  72S. 

CoxE,  W.  E.  C,  remarks  in  discussion  of  Mr.  Morris's  paper  on  the  control  of  silicon 
in  pig-iron,  352. 

Cranberry  iron-mine,  Mitchell  county,  N.  C.  [136]. 

Crane  Iron  Works,  Catasauqua,  Lehigh  county,  Pa.,  use  of  cooling-plates  for  bosh- 
walls  of  blast-furnace  at,  103 

Credner  and  Trippel,  report  on  copper  deposits  of  Tennessee  [134]. 

Cross-cut  system  of  mining  copper  in  Spain,  89  et  seq. 

Cross  lead-fluorspar-niine,  Hardin  county,  111.,  47,  50. 

Croton  Magnetic  iron-mines,  Putnam  county,  N.  Y.,  127  et  seq.,  513,  522 ;  granulation 
of  iron -ore  at,  534  et  seq. 

Crushing  of  iron-ore  for  magnetic  separation,  533  et  seq. 

Cruslmig  iron-ores  inth  the  Sturtevavt  mill  for  concentration  (Krom)  [xxxvi],  530  [534]. 

Crushers  and  rolls  compared  with  Sturtevant  mill,  131,  523  et  seq. 

Crystallizations  at  the  Copper  Glance  and  Potosi  mine,  Grant  county,  New  Mexico,  308. 

Cuba,  Sigua  and  Juragua  iron-districts,  product  of  ore,  679. 

Cumberland  Valley  Colliery  Co.,  eastern  Kentucky,  coke-ovens  of,  56. 

Cummings  Ore- Granulating  Mill  (Ball)  [xxxvi],  516  [534]. 

Cuprocassiterite  in  the  Black  Hills,  S.  Dak.,  analysis  and  character  of,  241. 

Cyclone  pulverizer,  522,  587. 

Daelen,  E.  M.  :  High-Pressure  Hydraulic  Presses  in  Iron-  Works  [xxi],  321. 

Daelen's  horizontal  hydraulic  forgiug-press,  328. 

Daisy  lead-fluorspar-mine,  Hardin  county.  111.,  47  et  seq. 

Dana,  Prof.  J.  D.,  theory  of  ore-deposits  [663]. 

Daniell,  John  F.,  Jr.,  address  of  welcome  at  Eeadiug  meeting,  October,  1892  [xliv]. 

Davidson,  Walter  B.  M.  :  Notes  on  the    Geological  Origin  of  Phosphate  of  Lime  in 

the  United  States  and  Canada  [xx],  139. 
Dawkins,  Prof.  Boyd,  on  Canadian  apatite,  777. 
Dawson,  J.  W.,  description  of  ''  barrel-quartz  "  in  Waverly  gold-mine,  Nova  Scotia 

142. 
Deaths  of  members  and  associaties  :  1892,  xxvii ;   1893,  liv. 
Delprat,  G.  D.  :  Extractiun  of  Ore  from   Wide  Veiiis  or  Masses  [xxii],  89. 
Desilverization  of  Lead-Slags  (Keller)  [xxii],  71. 
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Desjardins,  Mayor,  address  of  welcome  at  Montreal  meeting,  Februarj-,  1893,  lii. 

Determination  of  phosphorus,  Emmerton's  method  for,  794. 

Development  of  Technical  Societies  (Presidential  address  at  Montreal)  (Birkinbine) 

[lii],  962. 
"  Devil's  Back  ''  sandstone  in  Bendigo  gold-field,  688. 
Diamond  Drill  and  Manufacturing  Co.,  Birdsboro,  Pa.,  599. 
Diamond  iron-mine,  Mesabi  range,  Minn.,  685. 
Diamond,  yellow,  found  in  Bohemian  garnet  district,  246. 

Dikes  in  Bendigo  gold-mine,  692  et  seq.  ;  without  influence  on  deposition,  696. 
Direct-metal  ladles,  removing  skulls  from,  122  et  seq. 
Direct  pass  hot-blast  stoves,  720  et  seq. 

Discussion  on  the  Crushing  of  Iron- Ore  for  Magnetic  Separation,  533. 
Dodge  ore-crusher,  .540. 

Donald,  Prof.  J.  T.,  on  bog-  and  lake-ores  used  at  Radnor  Forges,  Can.,  988. 
Donawitz  blast-furnace,  Leoben,  Austria,  dimensions  of  and  practice  at,  120. 
DOUGLA.S,  James:  Biographical  Notice  of  Thomas  Sterry  Hunt  [xxxv],  400. 
Drake,   F.  M.  :   The  Reduction- Worls   of   the  Mount  Stewart  Lead   and  Silver  Mining 

Company,  Leadville,  New  South  Wales  [Iv],  874. 
Dredging  for  gold  in  New  Zealand,  463. 
Drying-plant  for  drying  ore  at  Aspen,  Colo..  920. 

Dudley,  Charles  B.  :  The  Maling  of  Specifications  for  Structural  Material  [xxxvi],  379. 
Duisburger  Co.'s  forging-press,  333. 

DuMBLE,  E.  T. :  Note  on  the  Occurrence  of  Grahamite  in  Texas  [xlvi],  601. 
Dunbar  Furnace  Co.,  Dunbar,  Pa.,  632. 
Dunderbcrg  silver-mine.  Clear  Creek  county,  Colo.  [913]. 

Dunn,  E.  .T.,  Victorian  Geological  Survey,  examination  of  Bendigo  gold-field,  704,  712. 
Durham  blast-furnace,  Riegelsville,  Pa.,  276,  278:  348  et  seq. 
Durham  hot-blast  stoves.  723  et  seq. 
Durham  iron-mine,  Bucks  county,  Pa.,  279. 
Dynamite,  unfreezable,  938. 

"  Ear-test"  of  Pottstown  Iron  Co.'s  steel,  759,  765. 

East  Franklin  coal-mine,  Schuylkill  county.  Pa.,  718. 

Edgar  Thomson  blast-furnace,  Bessemer,  Pa.:  dimensions  and  record  of,  120;  use  of 

cooling-plates  at,  104  et  seq.  ;  record  of  I  furnace,  120. 
Egleston,  Prof.  T. :  remarks  in  discussion  of  Mr.  Nitze's  paper  on  the  magnetic  (titan- 

iferous)  iron-ores  of  Ashe  county,  N.  C,  278;  of  Mr.  Rossi's  paper  on  titaniferous 

ores  in  the  blast-furnace,  866. 
Eldridge,  George  H.  :  A  Preliminary  Slcetch  of  the  Phosphates  of  Florida  [xx],  196. 
Election  of  members  and  associates  :  at  Baltimore,  February,  1892,  xxviii. ;  by  mail, 

November,  1892,  Ivii. :  at  Montreal,  February,  1893,  Ivii. ;  at  Plattsburgli,  June, 

1892,  xxxvii. ;  at  Reading,  October,  1892,  xlvi. 
Elizabeth  blast-furnace  (ancient),  Lancaster  county.  Pa.,  621. 
Eliza  blast-furnace,  Pittsburgh,  Pa.  [119]. 

"  Elkhorn  "  coking-coal,  Pike  and  Letcher  counties,  Ky.,  929,  1004. 
Ellis  and  Lessig  Steel  and  Iron  Co.,  visit  to  works  [xlix]. 
Ely  iron-mine,  Vermilion  range,  Minn.,  646. 
Emmerton's  method  for  determination  of  phosphorus,  794. 
Emmons,  Dr.  E.,  on  phosphate  deposits,  140.  157. 
Emmons,  S.  F.  :  Fluorspar  Deposits  of  Southern  Illinois  [xxii],  31. 
Eocene  rocks  in  Florida,  hard-rock  phosphates  in,  201. 
Eosoon  Canadense,  occurrence  of  in  crystalline  limestone,  144. 
Errata,  1007. 

Esperania  copper-mine,  Tharsis,  Spain,  90. 
Etta  tin-mine,  Black  Hills,  S.  Dak.,  240. 
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Eupyrehroite  a  peculiar  foi-m  of  phosphate  of  lime,  157. 

Eureka  Diggings,  lead-fluorspar-mine,  Hardiu  county,  Ills.,  47  et  seq. 

Excursions  and  entertainments,  xxx.,  xl.,  xlviii.,  lix. 

Exhibit  of  machinery  at  Phittsburgh  meeting,  xxxix. 

Experiments  with  the  Boessler  Converter  at  the  Marsac  Refinery,  Park  City,  Utah  (Stete- 

feldt)  [xxi],  74. 
Extraction  of  Ore  from  Wide  Veins  or  Masses  (Delpkat)  [xxii],  89. 

Fackenthal,  B.  F.,  Jr.  :  remarks  in  discussion  of  Mr.  Cofi&n's  paper  on  hot-blast 
stoves,  735,  738;  of  Mr.  Morris's  paper  on  the  control  of  silicon  in  pig-iron,  348, 
355 ;  of  Mr.  Nitze's  paper  on  the  magnetic  (titaniferous)  iron-ores  of  Ashe  county. 
N.  C,  278. 

Fairmount  Coal  and  Coke  Co.,  Pa.  [798]. 

Fairview  lead-fluorspar-mine,  Hardin  county,  Ills.,  46  et  seq. 

Faulting  :  cause  of,  782  ;  conditions  of  folding  and,  554. 

Fault-Rules  (Freeland)  [xxxvi],  491. 

Faults:  in  Bendigo  gold-field,  Victoria,  Australia,  690  et  seq.;  definition  of,  493;  dis- 
location, 788;  formation  of  crevice,  785;  formed  by  longitudinal  compression, 
788 ;  in  Illinois  fluorspar-deposits,  50;  at  Ku  Shan  Tzu,  Mongolia,  787;  literature 
concerning,  501 ;  origin  in  compression  crevice,  785  ;  at  Tombstone,  Arizona,  786; 
varieties  of,  494;  of  varying  throw,  791. 

Feldspar  (orthoclase),  hardness  and  specific  gravity  of,  176. 

Ferric  oxide  and  alumina,  Glaser  method  of  distillation,  168. 

Feri-o-mangauese:  discovery  and  first  production  of,  890;  free  from  carbon,  888;  phy- 
sical difference  between  spiegeleisen  and,  889. 

Fertilizers:  basic  slags,  232,  743  ;  basic  slag,  number  of  pounds  of,  per  acre,  233  ;  use  of 
greensand-marls  of  New  Jersey  as, ,187. 

Filling,  system  of,  at  the  Minnesota  Iron  Co.'s  mines,  Soudan,  Minn.,  299. 

Financial  statement  of  Secretary  and  Treasurer,  for  year  ending  January  31,  1892, 
xxii;  1893,  liii. 

Fire-box  steel,  special  tests  of,  384. 

Fire-brick,  fusibility  of,  in  a  blast-furnace,  112. 

Fire  in  Hill-Farm-Parrish  coal-mine,  Dunbar,  Pa.,  632. 

Flat  Top  coal-field,  W.  Va.,  54. 

Florida:   geology  of,  200;  phosphates,  discovery  of,  196 ;  topography  of,  198. 

Fluoride,  average  percentage  of,  in  corals,  52. 

Fluorine:  associated  witli  phosphate  of  lime,  .52;  in  limestone,  52. 

Fluorspar:  deposits  in  the  upper  Mississippi  region,  origin  of,  42 ;  first  discovery  of, 
in  Illinois,  32;  as  flux  in  smelting  and  for  glass-making,  33;  foetid  character  of 
Illinois  deposits,  32,  51;  manner  of  formation  of  deposits  in  Illinois,  51. 

Fluorspar-Deposits  of  Southern  Illinois  (Emmons)  [xxii],  31. 

Forbes,  Dr.  D.,  on  smelting  titaniferous  iron-ores,  835  ct  seq. 

Forge,  oldest  active,  on  American  continent,  974. 

Forging-presses,  321  et  seq. 

Fossil  plants  from  Potosi,  Bolivia,  250. 

Fossils  found  in  the  garnet-district,  Bohemia,  245. 

Four-mile  Land  and  Coal  Co.,  eastern  Ky.,  56. 

Freeland,  Francis  T.:  Fault-Rules  [xxxvi],  491. 

Fronheiser's  bosh  cooling-plates,  106. 

Fuels :  for  the  blast-furnace,  61  et  seq.  ;  taquia  (dried  llama-dung)  used  in  native  Peru- 
vian furnaces,  26. 

Fulton,  John,  report  of,  on  cokes  of  eastern  Kentucky,  .56. 

Furnaces  (see  also  blast-furnaces,  roasting  furnaces,  etc.) :  charcoal-iron,  in  Canada, 
976,980;  Gerstenhofer  [177]  ;  matting- and  muflie-,  at  Marsac  mill,  l\\v\i.  City, 
iJtah,  288 :  new  form  of,  for  roasting  and  oxidizing  ores,  943 ;  for  silver-lead  smelt- 
ing in  Peru,  2G  ;  Stetefeldt  [177]. 
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Gabbro  of  Mesabi  iron-range,  649,  654,  663. 

Gabriel's  Gully  gold-field,  Otago,  New  Zealand,  413,  445. 

Galena:  assays  of,  in  Peru,  27;  deposits  of,  in  Southern  Illinois,  31  et  seq. ;  iu  Tren- 
ton limestone  of  central  Kentucky,  41. 

Galenite  in  zinc-mines  of  southwest  Missouri,  4. 

Garden  Gully  United  gold-mine,  Victoria,  Australia,  710. 

Garnet-mines  in  Boliemia,  244  et  seq. 

Garnets,  Bohemian  :  analyses  of,  243 ;  deposits  containing,  243;  literature  of,  247. 

Garrisox,  F.  Lynwood  :  The  Greene-  Wahl  Process  for  Manufacturing  Manganese  and 
Alloys  of  Manganese  free  from  Carbon  [Iv],  887. 

Garrison  zinc-mine,  Jasper  county.  Mo.,  13. 

Gakside,  G.  W.  :  Hie  Mineral  Resources  of  Southeast  Alaska  [Ivi],  815. 

Gas:  analyses  of  beating,  237;  distribution  of  nitrogen  of  coal  in  making  illuminat- 
ing, 807 ;  scrubber  liquors,  analyses  of,  805. 

Gas-producers:  808;  fuel  used  in,  920;  gross  weight  of  coal  consumed  in  plant  at  As- 

Gates  iron-ore  graiiulator,  524. 

pen,  Colo.,  to  produce  gas  for  drying  ore.  921 :  Taylor,  919. 

Gayley,  James:  The  Preservation  of  the  Hearth  and  Bosh-Walls  of  the  Blast-Furnace 
[xx],  102;  remarks  iu  discussion  of  Mr.  CoflBu's  paper  ou  hot-blast  stoves,  727, 
729;  of  Mr.  Morris's  paper  ou  the  control  of  silicon  in  pig-iron,  353. 

Gayley's  bosh  cooling-plates,  1C9. 

Gay-Lussac  tower  for  treatment  of  phosphate-ores,  182. 

Gelsenkirchen  blast-furnace,  Germany,  use  of  carbon-bricks  for  bosh-walls  at,  116. 

Generators  for  sulphurous  acid  gas  and  sulphide  of  hydrogen  gas,  315. 

Geological  Map  of  the  State  of  New  York  (Hall)  [xxxv],  566  (see  Errata,  1007). 

Geological  origin  of  phosphate-deposits  in  Canada  and  the  United  States,  139 
et  seq. 

Geologic  Map  of  the  United  States  (Powell)  [Iv],  877. 

Geology  of ;  Big  Stone  Gap  coal-field,  Va.,  923;  Florida,  200;  Gouverneur  district, 
St.  Lawrence  county,  N.  Y.,  584;  Half  Moon  silver-mine,  Pioche,  Xev.,  867; 
Hardin  county.  111.,  35;  Island  of  Navassa,  149  ;  La  Gardette  gold-mine,  France, 
83;  Mesabi  iron-range,  648;  Mimbres  district.  Grant  county,  New  Mexico,  309; 
Otago  gold-field.  New  Zealand,  416  el  seq. 

Geology:  structural,  in  Appalachian  Province,  552,  564;  studies  in  structural,  551. 

Giant's  Range,  granite  of,  Mesabi  iron-range,  650. 

Gilman,  D.  C,  address  of  welcome,  Baltimore,  February,  1892  [xix]. 

Glaser  method  of  distillation  for  alumina  and  ferric  oxide,  163. 

Glasgow  Co.'s  Valley  Mill,  visit  to  [xlix]. 

Goethite,  Mesabi  iron-range,  661. 

Gogebic-Penokee  iron-range.  Lake  Superior  region,  645  et  seq. 

Gold:  modes  of  occurrence  of,  in  Bendigo  gold-field,  692;  precipitation  of,  from  chlo- 
rine solution  by  sulphurous  acid  and  hydrogen  sulphide,  314. 

Gold-bearing  alluvium  of  Otago,  New  Zealand,  428. 

Gold-deposits,  Otago,  New  Zealand,  origin  and  age  of,  438. 

Golden  Reward  chlorination-works.  Dead  wood,  S.  Dak.,  314. 

Gold-fields:  Bendigo,  Victoria,  Australia.  686;   Otago,  New  Zealand,  411,  442. 

Gold-Fields  of  Otago  (Rickaed)  [xxxvi],  411. 

Gold-mines:  United  States :  Alaska:  Treadwell,  815  et  seq.;  Other  Couxtriks: 
Australia:  Victoria;  Catherine  Reef  United,  687  et  seq.;  Confidence  Extended, 
706;  Garden  Gully  United,  710  ;  Hercules  and  Energetic,  702  ;  New  Red,  White 
and  Blue  Consolidated,  696;  Victoria  Quartz,  710;  Canada:  Nova  Scotia :  Waver- 
ley,  142 ;  France:  Department  of  Isere :  La  Gardette,  79;  New  Zealand:  Otago: 
Blue  Spur  (alluvial),  432,  436,  445 ;  Canton,  417;  Phoenix,  423:  Pioneer  Quartz, 
416,432;  Premier,  420;  Sunrise,  422;   Tipperary,  420. 

Gold-ores,  deposits  in  Department  of  Isere,  France,  82. 
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Goocli  distillation- method  of  phosphate  analysis.  166.' 

Good  Hope  Icad-fluorspar-mine,  Hardin  county.  Ills.,  33,  46  et  seq. 

Good  Spring  coal-mine,  Schuylkill  county.  Pa.,  718. 

Goose  Lake  iron-mine,  Marquette  range,  Mich.,  646. 

Gordon,  Fred.  W.  :  Notes  on  the  Selection  of  Iron-Ores,  Limestones  and  Fuels  for  the 

BJast-F)irnace  [xxi],  61. 
Gordon  on  control  of  silicon  in  pig-irou  [349]. 
"Gossan "-ore  :  analysis  of,  from  Virginia  mines,  137;  character  of,  in  Virginia,  135; 

in  Spanish  copper-mines,  89  et  seq. 
Gould  triplex  electric  pump,  exhibition  of,  xxxix. 
Grading  of  Pig-iron  {Clymer)  [xlvi],  GO'y. 
Grading  pig-iron  by  grain,  35.5,  360. 

Grahaniite :  analyses  of,  604,  605;  occurrence  of,  in  Texas,  601  et  seq. 
Grand  Piles,  Canada,  visit  to,  Ix. 
Granidating  Magnetic  Iron-Ores  with  the  Stnrterant  Mill  at  Croton  Magnetic  Iron-Mines, 

N.  Y.  (Hoffman)  [xx],  126  [533]. 
Granulation  of  iron-ore  with  crushers  and  rolls  and  Sturtevaut  mill  compared,  523, 

524. 
Gramdntion  of  Iron-Ore  by  Means  of  Crushers  and  Rolls  (Sahlin)  [xxxvi],  521  [534], 
"  Great  gossan  lead,"  character  and  extent  of,  134,  135. 
"  Great  Gossan  Lead,"  of  Virginia  (Moxham)  [xx],  133. 
Great  Outburst  irou-mine,  Carroll  county,  Va.,  136. 
Great  Western  iron-mine,  Mesabi  range,  Minn.,  684. 
Greene-Wahl  Process  for  Manufacturing  Manganese  and  Alloys  of  Manganese  Free  from 

Carbon  (Garrison)  [Iv],  887. 
Greensand-marls,  phosphatic,  186. 
Greenwood  coal-mine,  Schuylkill  county.  Pa.,  718. 
Grenada  iron-ore,  Menominee  range,  Mich.,  analysis  of,  678. 

Gresley,  W.  S.  :  Note  o«  Anthracite  "  Coal- Apples"  from  Pennsylvania  [Ivi],  824. 
Griffin  mills,  586. 
Griffin,   P.   H. :  The  Manufacture  of  Charcoal-Iron  from  the   Bog-  and  Lake-Ores  of 

Three  Rivers  District,  Province  of  Quebec,  Canada  [Ivi],  974. 

Hager  iron-mine,  Hunterdon  county,  N.  J,,  279. 

Hale  iron-mine,  Mesabi  range,  Minn.,  661  et  seq.;  analysis  of  ore  of,  674. 

Half-Moon  silver-mine,  Pioche,  Nev.,  867. 

Hall,  James  :  A  Geological  Map  of  the  State  of  New  York  [xxxv],  566  (see  Errata, 

1007). 
Hall  process,  cost  of  producing  aluminum  by,  905. 
Hammet  on  testing  crushing-machinery,  5AS. 
Hardin  county,  Illinois,  lead-fiuorspar-mines  of,  43. 
Hardness,  Tunner's  scale  of,  for  iron  and  steel,  759. 
"  Hard-rock  "  phosphate-deposits  in  Florida,  196,  201,  204.  209. 
H.i^RRiNGTON,  Prof.  B.  J.,  remarks  in  di.scussion  of  Mr.  Rossi's  paper  on  titaniferous 

ores  in  the  blast-furnace,  865. 
Hartshorne,  Joseph:   The  Basic  Bessemer  Steel  Plant  of  the  Pottstown  Iron  Company 

[xlv],  743. 
Harvey  Peak  Tin  Co.,  Black  Hills,  S.  Dak.,  240. 
Hawthorn,  Alachua  county,  Fla.,  phosphate  deposits  at,  147,  1-52. 
Heating-gas,  simultaneous  production  of  tar,  ammonia  and,  234. 

Heat:  ratio  of,  utilized  in  blast-furnace,  61,  62:  requirements  per  unit  of  pig-iron,  61. 
Hematite,  Mesabi  iron-range,  Minn.,  662. 
Hennin,  Alphonse:   The  Simultaneous  Production  of  Ammonia,   Tar  and  Ileating-G<is 

[xxi],  2:^4. 
Henrich,  C.VRL:  Zinc-Blende  Mines  and  Mining  near  Webb  City,  Mo.  [xxi],  3. 
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Hercules  and  Energetic  gold-mines,  Victoria,  Australia,  702. 

HiBBARD,  Henry  D.,  remarks  in  discussion  of  Mr.  Webster's  paper  on  the  cbemical 
constitution  and  physical  character  of  steel,  999. 

High-Pressure  Hydraulic  Presses  in  Iron-Works  (I>aei.kn)  [xxi],  321. 

Hill-Fariu-Parrish  coal-mine,  Dunbar,  Pa.,  632. 

Hill-Farm-Parrish  3Iine-Fire  (HiLi,)  [xlv],  632. 

Hill,  Frank  A.:  The  Hill- Farm- Par  risk  Mine-Fire  [xlv],  632;  analysis  of  "  coal- 
apples"  from  Pennsylvania  by,  827. 

Hill  School,  visit  to  [xlix]. 

Hitchcock,  Prof.  Edward,  on  occurrence  of  apatite  in  Massachusetts,  140;  theory  of 
ore-deposits  [663]. 

Hodge,  James  M.  :  The  Big  Stone  Gap  Coal-Field  [Ivi],  922;  discussion,  1004;  Mr. 
Hodge,  in  discussion  of  his  paper  on  the  Big  Stone  Gap  coal-field,  1005. 

Hoffmau  magnetic  ore-separator,  514. 

Hoffman,  W.  D.,  on  Sturtevant  mill,  536. 

Hoffman,  W.  H.:  Granulating  Magnetic  Iron-Ores  with  the  Sturtevant  Mill,  at  Croton  Mag- 
netic Iron-Mines,  N.  Y.  [xx],  126  [533] ;  The  Late  Discor-ery  of  Large  Quantities  of  Mag- 
netic and  Non- Magnetic  Pyrites  in  the  Croton  Magnetic  Iron-Mines  [xxxvi],  513;  re- 
marks in  discussion  on  the  crushing  of  iron-ore  for  magnetic  separation,  534,  539, 
541;  on  magnetic  concentration  of  iron-ore  [533]. 

Hofmaun,  A.  W.,  analysis  of  coal-ash  by,  801. 

Holden  Smelting  and  Milling  Co.,  Aspen,  Colo.,  919. 

Horde,  Westphalia:  steel,  630;  treatment  of  pig-iron,  363. 

Hornblende,  hardness  and  si>ecific  gravity  of,  176. 

Hot-blast,  early  application  of,  to  charcoal  furnaces,  475. 

Hot-l)last  stoves:  Cowper,  7:20;  Cowper-Kennedy,  725,  728;  direct  pass,  720  et  seq.; 
Durham,  723  et  seq.;  Hugh  Kennedj',  720;  Weimer,  721,  741 ;  Whitwell  (modi- 
fied), 720  et  seq. 

Howe,  Henry  M. :  Note  on  Mnnganese-Steel  [xlvi].  625;  remarks  in  discussion  on 
the  crushing  of  iron-ore  for  magnetic  separation,  538;  of  Mr.  Garrison's  paper 
on  the  Greene-Wahl  piocess  for  manufacturing  manganese  free  from  carbon,  906  ; 
of  Mr.  Nitze's  paper  on  the  magnetic  (titaniferous)  irou-ores  of  Ashe  county,  N.  C, 
273. 

Hugh  Kennedy  Hot-Blast  Store  (Coffin)  [xlvi],  720. 

Hunt,  Joseph,  cooling-plate  for  bosh-walls  of  blast-furnace  used  bj',  103. 

Hunt,  Thomas  Sterry,  biographical  notice  of,  400 ;  on  apatite  regions  of  Canada,  [776] : 
on  carbonic  acid  as  agent  in  rock -destruction  [668];  on  Ore-Knob  copper-mine  [134]. 

Huxley,  E.  C,  remarks  in  discussion  on  the  erushiug  of  iron-ore  for  magnetic  sepa- 
ration, 535,  543,  544. 

Hydraulic  elevator  used  in  alluvial  gold-mining  in  New  Zealand,  443. 

Hydraulic  presses:  321  et  seq. ;  Baare  forging,  335;  at  Bethlehem  Iron  Company's  works, 
Bethlehem,  Pa.,  343;  Bochum  foi-ging,  335;  at  Clarence  iron-works,  Middlesbor- 
oiigh,  Eng.,  345;  compared  with  hammer  and  rolls,  343;  Daelen's  horizontal 
forging,  328;  Diiisberger  Co. 's  forging,  3;33  ;  high-pressure,  iu  iron-works,  321; 
Walker  vertical,  342;  Whitworth,  for  steel  ingots,  343. 

Illinois,  fluorspar  deposits  of,  31. 

Imbodeu  coal-bed,  Va.,  929,  1004;  aualj'ses  of  coal,  934;   thickness  of,  930. 

Industries  of  the  Schuylkill  Valley  (Presidential  address  at  Beading,  Pa.)  (Birkinbine), 

[xlv],  618. 
Influence  of  Location  upon  the  Pig-Iron  Industry  (Presidential  address  at  Plattsburgh) 

(Birkinbine)  [xxxv],  473. 
Ingalls  iron-ore,  Menominee  range,  Mich.,  analysis  of.  678. 
Inman,  a.  L.,  remarks  in  discussion  on  the  crushing  of  iron-ore  for  magnetic  sep# 

ration.  545, 
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Intermediate  lead-fluorspar-mine,  Hardin  county,  Ills.,  46. 

International  Ore-Separating  Co.  [512]. 

Investigation  of  Coals  for  Making  Coke  in  the  Semet-Solray  Ovens,  unih  the  Hecoeery  of  Am- 
monia and  Tar ;  and  Eemarks  on  the  Sources  of  Ammonia  (Penxock)  [Ivi],  793. 

D'Invilliers,  E.  V.,  on  the  phosphate-deposits  of  Navassa,  149. 

Iron:  analysis  of,  990;  car-wheel  mixtures  in  Canadian  works,  97.5;  manufacture  of 
charcoal-iron  from  bog-  and  lake-ores,  974 ;  tensile  strength  of  pure,  766 ;  Tun- 
ner's  scale  of  hardness  for,  759, 

Iron-mines :  United  States  ;  Michigan :  Gogebic  range,  Sunday  Lake,  646 ;  Iron 
county,  Nanaimo,  646;  Marquette  range.  Goose  Lake,  646;  Three  Lakes,  646; 
Menominee,  range,  Breen,  646;  Minnesota:  Mesabi  range,  Berringer,  660,  672;  Bi- 
wabik,  658  et  seq.,  9.51 ;  Canton,  661,  673,  680  ;  Cincinnati,  661,  666,  673,  680,  684  ; 
Diamond,  685;  Great  Western,  684;  Hale,  661  et  seq.;  Kanawha,  661,  674.682; 
Superior,  676,  681,  682;  Lone  Jack,  674;  McKinley,  675,  681;  Mountain,  6.50, 
656,  675,  680;  Mountain  Iron  Co.,  644  etseq.;  Missabe  fountain,  660,  675,  6^1, 
684  ;  New  England,  675,  682,  684  ;  Ohio,  676,  681,  684;  Paddock's,  684  ;  Rouchleau, 
684;  Security,  684;  Virginia,  684;  Wyoming,  684;  St.  Louis  county,  Soudan, 
Minnesota  Iron  Co.,  299;  Vermilion  range,  Alaska,  677 ;  Armstrong,  677;  Butte, 
677;  Chandler,  677;  Ely,  646;  Montana,  677;  Tower,  646;  Missouri:  St.  Fran- 
cois county,  Iron  Mountain  [160];  New  Jersey:  Hunterdon  county,  Church  [274], 
278,  279;  Hager,  279;  Morris  county,  Byram,  160;  Xaughright,  278;  Weldon, 
504,  508;  Sussex  county,  Ogden,  550;  New  York:  Clinton  county,  Chateaugay, 
522;  Lyon  Mountain,  xli;  Essex  county,  Mineville,  xl ;  Port  Henry,  277,  .523 
et  seq.;  Sanford,.  158,  160;  Putnam  county,  Croton  magnetic,  127  et  seq.,  513, 
522,  534  et  seq.;  Tilly  Foster,  519;  St.  Lawrence  county,  Benson,  522;  Little 
Eiver  (Benson),  535;  Westchester  county.  Clover  Hill,  5.34  et  seq.;  North  Caro- 
lina :  Mitchell  county.  Cranberry  [136] ;  Pennsylvania  :  Bucks  county,  Durham, 
279;  Virginia:  Carroll  county,  Betty  Baker  (formerly  copper-mine)  [13.5];  Blair, 
135:  Great  Outburst,  1.36;  Limeberry  [135],  136;  TT7.sco)(stH :  Ashland  county 
Tpson,  646.     Other  Countkies :  Russia:  Ural  Mountains,  Blagodatj   [160]. 

Iron  Mountain,  St.  Francois  county.  Mo.,  crystalline  apatite  in  iron-ores  of,  160. 

Iron-ores :  analyses  of  (see  analyses  of  iron-ores),  262  et  seq.,  275,  278,  279,  348  (mag- 
netic), 833  et  seq.  (titaniferous),  957,  960,  990;  importation  of  foreign  ores  during 
last  five  years,  484 ;  limestones  and  fuels,  selection  of,  for  the  blast-furnace,  61 
et  seq.;  output,  annual,  in  United  States,  967;  production  of  magnetic,  in  Lake 
Champlain  district,  X.  Y.,  483;  Localities:  United  States :  Alabama:  Jefler- 
son  county;  Murphy's  Valley,  red  fossil-ores,  189;  Red  Mountain  district,  Clin- 
ton, 351,  352;  Michigan:  Marquette  county;  American,  678;  Marquette,  67^: 
Winthrop,  678 ;  Menominee  range;  B.  B.  Norway,  678 ;  Castile,  678;  Chapin, 
678;  Grenada,  678;  Ingalls,  678;  Millie,  678;  Minnesota:  Mesabi  range.  644  it 
seq.;  Biwabik  deposit,  cubic  contents  of,  957;  Vermilion  range;  Chandler,  677; 
Long  Lake,  677 ;  Minnesota,  677  ;  Nipigon,  677;  Bed  Lake,  677;  Soudan,  677; 
Vermilion,  677  ;  Neiv  Jersey;  Hunterdon  county  (titaniferous),  274,  278  ;  Morris 
county,  Schooley's  Mountain,  278;  New  York:  Adirondack  region  (titaniferousi, 
277;  Essex  county;  Port  Henry  (magnetite),  523,  532;  Onondaga  county  :  Split 
Rock  (titaniferous).  834;  North  Carolina:  Ashe  county  (magnetic),  260 ;  (titaui- 
ferous\272;  Other  Countries  :  Canada:  Eagle  Lake  (magnetic).  180  :  Quebec 
(titaniferous),  981;  Three  Rivers  district;  bog-  and  lake-ores,  974;  Sweden: 
Taberg  (titaniferous),  865. 

Iron-works  (see  also  blast-furnaces) :  high-pressure  hydraulic  presses  in,  321  et  seq.  : 
Pennsylvania:  Berks  county  :  Birdsboro,  620 ;  Bucks  county;  Riegelsville,  Dur- 
ham, 274  ;  Northampton  county;  Bethlehem,  343 ;  Canada:  Quebec;  Rtidnor, 
975  etseq.;  England:  Middlesborough,  Clarence,  345;  Norton,  843;  Germany: 
*     Pilsen  ;  Skoda,  335. 

Irving,  Prof.  E.  D.,  theory  of  ore-deposits  [663]. 
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Isabella  blast-furnaces,  Pittsburgb,  Pa.,  720  et  seq. 

Island  Block  Mining  Co.,  Otago,  New  Zealand,  431. 

Island  Block,  Otago,  New  Zealand,  gold-mining  at,  431,  454. 

Jameson's  oven,  811. 

Jamme  on  control  of  silicon  in  pig-iron  [350]. 
Jenisch  ball-mill  for  grinding  basic  cinder,  743. 
Johns  Hopkins  University,  reception  at  [xxx]. 
Johnston  Paint  Co.,  Canada,  988. 

Jones,  John  T.,  remarks  in  discussion  of  Mr.  Tratman's  paper  on  unfreezable  dyna- 
mite, 940. 
JoNKS,  J.  T.,  and  Winchell,  H.  V. :   The  Biwabih  Mine  [Iv],  951. 
Jones,  E.,  distillation  of  lime,  alumina  and  ferric  oxide,  improved  method  of,  168. 
Joya  copper-mine,  Spain,  cost  of  mining  at,  92,  93. 
Juragua  iron-district,  Cuba,  679. 

Kanawha  Iron  Co.,  Mesabi  range,  Minn.,  682;    iron-mines  of,  661,  680,682;   analysis 

of  ore,  674. 
Kaska  William  coal-mine,  Schuylkill  county.  Pa.,  718. 
Keewatin  green  schists.  Mesabi  iron-range,  650. 
Keller.  H.  A. :   The  DesUverization  of  Lead-Slags  [xxii],  71. 
Kennedy,  Julian,  bosh-wall  cooling-plate,  designed  by,  104,  110,  119. 
Kentucky:  coals  and  cokes,  53,  929,  1004;  limestone  and  sandstone,  close  juxtaposi- 
tion of,  in  coal-mines  suggests  faulting,  39. 
Kent,  William,  remarks  in  discussion  on  the  crushing  of  iron-ore  for  magnetic 

separation,  544. 
"Kidney-coal,"  832. 
King  Fui'nace  Co.,  Eockdale,  Tenn.,  58. 
Kjeldahl's  method  of  determining  nitrogen  in  coal,  802. 
Kladno  steel-works  and  rolling-mills,  Bohemia  [7.55]. 
Knapp,  G.  F.,  remarks  in  discussion  of  Mr.  Morris's  paper  on  the  control  of  silicon 

in  pig-iron,  354. 
Krom  rolls,  record  of,  526,  534  et  seq. 
Krom,  S.  E.  :    Crushing  Iron-Ores  with  the  Sturtevant  Mill  for  Concentration  [xxxvi],  530 

[534] ;  remarks  in  discussion  on  the  crushing  of  iron-ore  for  magnetic  separation, 

548. 
KuNZ,  George  F.  :    Bohemian  Garnets  [xxii],  241;  exhibition  of  stereopticon  views 

illustrating  mining  of  gems  in  Eussia,  xix. 

Labor  required  to  run  concentrating-works  at  Webb  City,  Mo.,  23, 

Lac-a-la-Tortue,  Can.,  bog-ores  of,  979 ;  visit  to,  Ix. 

Ladles,  removing  skulls  from  direct-metal,  122  et  seq. 

La  Gardette  gold-mine,  Isere,  France,  ancient  working  of,  80. 

La  Gardette:  The  History  of  a  French  Gold-Mine   (Eickard)  [xxi],  79. 

Lagunazo  copper-mine,  Spain,  93,  94. 

Lake  Champlain  iron-district,  N.  Y.;  excursion  of  the  Institute  in,  xl;  production  of 
magnetic  ores,  483. 

Lake  Superior  Iron  Co.,  Mesabi  range,  Minn.,  iron-mines  of,  676,  681,  682. 

Landis,  Edward  K.  :  Note  on  the  Use  of  a  Mechanical  Stirrer  for  Promoting  Chemical  Ac- 
tion [xxxvi],  304. 

"Land-pebble"  phosphate-deposits  in  Florida,  203,  213. 

Langdon,  N.  M.  :  The  Calculation  of  Slags  [xxxvii],  364. 

Langguth,  Werner:  A  Modern  Plant  for  the  Precipitation  of  Gold  from  Chlorine  Solu- 
tion by  Sulphurous  Acid  and  Hydrogen  Sulphide  [xxxvi],  314. 

Lapilla  copper-mine,  Spain,  94. 
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Las  Herrerias  copper-mine,  Spain,  93. 

Late  Discovery  of  Large  Quantities  of  Miignetic  and  Non-Magnetic  Pyrites  in  the  Croion 
Magnetic  L-on-Mines  (Hoffman)  [xxxvi],  513. 

Latrobe,  F.  C,  address  of  welcome,  Baltimore,  February,  1892  [xix]. 

Lanrentian  Low-Grade  Phosphate-Ores  (Stewart;  [xx],  176, 

Laurentian  sulphides  of  iron,  character  of,  180. 

Lava  dikes  in  Bendigo  gold-field,  "Victoria,  Australia,  692  et  seq. 

Lawrence  Benjamin  B.  :  Notes  on  the  Lease-  or  Tribute-System  of  Mining,  as  Practiced 
in  Colorado  [Ivi],  911. 

La  Zarza  copper-mine,  Spain,  93,  94. 

Lead:  in  limestones  of  the  Mississippi  valley,  40;  in  limestones  of  Missouri,  41. 

Lead-fluorspar-miues :  Illinois:  Hardin  county;  Anderson  Well  shafts,  45  et  seq.; 
Blue  Diggings,  47  e<  seg.;  Cincinnati  shaft,  47  et  seq.;  Cross  lode,  47,  50;  Daisy, 
47  et  seq.  ;  Eureka  Diggings,  47  et  seq.  ;  Fairview,  46  et  seq. ;  Good  Hope,  33,  46  et 
seq.;  intermediate,  46;  McAllen  Diggings,  47  et  seq.;  Mullins  (Anderson),  33, 
46  et  seq. ;  Eosiclare  (Pell),  32  et  seq. 

Lead-mines:  Kentucky:  Livingston  county;  Royal,  39. 

Lead-slags,  desilverization  of,  72. 

Lease-  or  tribute-system  of  mining  in  Colorado,  911. 

Leavitt  steam-stamps,  550 

Le  Bakon,  J.  Francis,  remarks  in  discussion  of  Mr.  Davidson's  paper  on  geological 
origin  of  phosphate  of  lime,  152. 

Liebert,  E.,  unfreezable  dynamite  invented  by,  939. 

Lime,  alumina  and  ferric  oxide,  R.  Jones's  improved  method  of  distillation,  168. 

Lime-kilns  of  Pottstown  Iron  Co.,  746. 

Limestone :  analyses  of,  348  (dolomite),  861 ;  crystalline,  hardness  and  specific  gravity 
of,  17G;  of  Hardin  county.  111.,  35  et  seq. ;  iron  ores,  fuels  and  limestones,  selection 
of,  for  the  blast-furnace,  61  et  seq. ;  at  Radnor  Forges,  Can.,  992 ;  underlying  coal- 
measures  of  the  Ohio  river  valley,  35. 

Limonite,  Mesabi  iron-range,  661. 

Lineberry  iron-mine,  Clarroll  county,  Va.  [135]  136. 

List  of  Minerals  Containing  at  Least  One  Per  Cent,  of  Phosphoric  Acid  (Phillips)  [xx], 
188. 

Little  River  (Benson),  iron-mine,  St.  Lawrence  county,  X.  Y.,  Sturtevaut  mill  at, 
535. 

Lixiviation-works:  Colorado:  Aspen;  Holden  Smelting  and  Milling  Co.,  919;  Utah: 
Summit  county,  Park  City,  Marsac,  74,  286. 

Logan,  Sir  William,  on  occurrence  of  apatite  in  Canada,  144. 

Lone  Jack  iron-mine,  Mesabi  range,  Minn.,  660;  analysis  of  ore,  674. 

Long  Lake  iron-ore,  Vermilion  range,  Minn.,  analysis  of,  677. 

LooMis,  BuRDETT,  remarks  in  discussion  of  Mr.  Henuin's  paper  on  the  simultaneous 
production  of  ammonia,  tar  and  heating  gas,  239. 

Loss  of  zinc-blende  in  concentrating  at  Webb  City,  Mo.,  10. 

Low,  A.  P.,  on  bog  iron-ores  and  ochers  of  the  Three  Rivers  region,  Can.,  981. 

Lucy  blast-furnaces,  Pittsburgh,  Pa.,  108  et  seq. 

Luft  pyrometer,  description  of,  594. 

Lyman,  Benjamin  Smith  :  An  Occurrence  of  Coarse  Conglomerate  Above  the  Mammoth 
Anthracite-Bed  [xlvi],  713. 

Lyon  Mountain  iron-mines,  Clinton  county,  N.  Y.,  visit  to,  xli. 

Maestries  silver-mine,  Tasmania,  582. 

Magnetic  Concentration  at  Tilly  Foster  (McDowell)  [xxxvi],  519. 

Magnetic  concentration  (see  concentration  and  magnetic  separation)  at  Tilly  Foster 

iron-mine,  N.  Y.,  519. 
Magnetic  hon-Ores  of  Ashe  County,  N.  C.  (NiTZE)  [xx],  260. 
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Magnetic  ore-separators  :  Chase,  503  ;  exhibition  of,  xxxix  ;  HofiFman,  514  ;  interesting 

facts  in  connectioa  with,  508;  Lovett-Finney  [504]. 
Magnetic  separation  of  iron-ore  (see  conceutratiou  and  magnetic  concentration) :  534  ; 

at  Atlantic  copper-mine,  Mich.,  548;  at  Clover  Hill  iron-mine,  Croton  Falls,  N.Y., 

SSietseq.;  methods  for  preventing  loss  of  ore,  503;  at  Moriah,  Essex  county,  N. 

Y.,  in  1852,  378  ;  at  Weldon  iron-mine,  N.  J.,  508. 
Magnetite,  Mesabi  iron-range,  660. 

Making  of  Specifications  for  Structural  Material  (Dudley)  [xxxvi],  379. 
Mammoth  anthracite  coal-bed,  Pennsylvania,  713. 
Manganese:    distinction   between  ferro-mangauese  and  spiegeleisen,  889;    Greene- 

Wahl  process  for  manufacturing,  free  from  carbon,  887;  metallic,  first  attempts 

to  produce,  892;  in  steel,  766  et  seq. 
Manganese-ore,  purification  of,  899. 
Manganese-steel,  composition  of,  627;   for  crushing-machinery,  538;  efi"ect  of  suddeu 

cooling  on,  623. 
Manganiferous  ores,  Mesabi  iron-range,  Minn.,  662. 

Manufacture  of  Charcoal-Iron  from  the  Bo^-  awl  Lake-Ores  of  Three  Rivers  District,  Prov- 
ince of  Quebec,  Canada  (Griffin)  [Ivi],  974. 
Maple  Hill  colliery,  Schuylkill  Valley,  Pa.,  624;  visit  to,  xlix. 
Maps,  geological:   conventions  adapted  for,  882;  cost  per  square  mile,  616,  887;  of 

the  State  of  New  York,  566;  system  of  mapping,  614,  881 ;  of  the  United  States, 

877. 
Mariotte's  law  for  reducing  volumes  of  air,  593. 

Marls :  phosphatic  greensand  in  New  Jersey,  186 ;  of  Florida,  202  et  seq. 
Marquette  iron-ore,  Marquette  county,  Mich.,  analysis  of,  678. 
Marquette  iron -range,  Mich.,  646  et  seq.  ;  analysis  of  ores,  678. 
Marsac  lixiviation  plant.  Park  City,  Utah,  description  of,  288 ;   manner  of  treating 

sulphides  at,  291. 
Marsac  Refinery,  Park  City,   Utah  (Stetefeldt)  [xxxvi],  286. 

Marsac  stamp-mill.  Park  City,  Utah,  experiments  with  Eoessler  converter  at,  75,  239. 
Maryland  Steel  Company,  blast-furnaces  of,  589;  visit  to  works,  xxx. 
Maryland  and  Virginia  Serpentine  and  Talc  Company,  Va.,  .587. 
Mason,  William  P. :  Note  on  Boiler- Explosions  [xxxvi],  374. 
Matting-furnace  at  Marsac  mill.  Park  City,  Utah,  288. 
Matting  process  at  Marsac  Mill,  Park  City,  Utah,  291. 
Maximite,  unfreezable  and  smokeless,  942. 
Mazeppa silver-mine,  Lincoln  county,  Nevada  [870]. 
McAllen  Diggings,  lead-fluorspar-miue,  Hardin  county.  111..  47  et  seq. 
McCreath,  A.  S.,  analysis  of  magnetic  iron-ore  by,  263  et  seq. 
McDowell,  F.  H.  :  Magnetic  Concentration  at  Tilly  Foster  [xxxvi.],  519. 
McEwen,  Thomas,  tuyere-cooler  designed  by,  119. 

McGee,  W.  J. :  Areal   Work  of  the  United  States  Geological  Survey  [xlv],  608. 
McGill  University,  Montreal,  Can.,  reception  at,  lix. 

McKinley  iron-mine,  Mesabi  range,  Minn.,  681 ;  analysis  of  ore,  675,  681,  684. 
Mechanical  stirrer  for  promoting  chemical  action,  304. 
Meetings  of  the  Institute:   Baltimore  (annual),  February,  1892,  xix ;    Lake  Cham- 

plain  (Plattsburgh),  June,  1892,  xxxiii ;    Montreal  (annual),  February,  1893,  lii ; 

Schuylkill  Valley  (Eeading),  October,  1892,  xliv. 
Meiler  oven,  810. 

Menominee  iron-range,  Mich.,  646  et  seq.  ;  analysis  of  ores,  678. 
Meronitz,  Bohemia,  garnet-mines  at,  249. 
Mesabi  Chief  Iron  Co.,  Mesabi  range,  Minn.,  685. 
Mesabi  iron-ores :  comparison  with  other  ores,  676 ;  method  of  sampling,  671 ;  origin 

of,  662 ;  quality  of,  670  ;  varieties  of,  660. 
Mesabi  Iron-Range   (Winchell)  [xlvi],  644. 
VOL.  XXI. — 65 
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Mesabi  iron-range,  Minn. :  animikie  black-slates,  653 ;  cost  of  mining,  685 ;  gabbro,  649 
etseq.;  geology  of,  648;  gcethite,  661;  granite  of  Giant's  Eange,  650;  hematite, 
662  ;  iron-ores  of,  951 ;  Keewatin  green  schists,  650  ;  limouite,  661 ;  manganifer- 
ous  ores,  662;  magnetites,  660;  method  of  prospecting,  679;  mines  already 
opened,  680;  slates  and  cherts,  greenish  silicious,  652;  titaniferous  magnetites,  661. 

Mesabi  ore-deposits:  length  and  width  of,  648;  occurrence  of,  655;  replacement 
theory  of,  664. 

Mesabite,  or  gcEthite,  Mesabi  range,  Minn.,  661. 

Method  of  Plumbing  Shafts  (Neustaedtee)  [Ivi],  792. 

Middle  Creek  coal-mine,  Schuylkill  county,  Pa.,  718. 

Millie  iron-ore,  Menominee  range,  Mich.,  analysis  of,  678. 

Mills  for  grinding  phosphate  in  Canada,  782. 

Mimbres  district,  Xew  Mexico,  geology  of,  309. 

Mineral  pulp,  use  of,  in  paper-making,  583. 

Mineral  Resources  of  Southeast  Alaska  (Garside)  [Ivi],  815. 

Mineral  rights  of  laud-owners  in  Missouri,  8. 

Minerals;  in  Bohemian  garnet  district,  245;  containing  at  least  1  per  cent,  of  phos- 
phoric acid,  list  of,  190. 

Mineville  iron-mines,  Essex  county,  N.  Y.,  xl. 

Mining:  alluvial,  in  New  Zealand,  442;  copper  in  Spain,  89 ;  for  garnets  in  Bohemia, 
244;  gold,  in  New  Zealand,  414;  hydraulic,  of  gold  in  California',  969;  iron-ore 
at  Biwabik  mines,  Mesabi  range,  Minn.,  960;  lease-  or  tribute-system  in  Colo- 
rado, 911 ;  open-pit  method  at  mines  of  Mesabi  iron-range,  685,  961 ;  phosphate 
in  Canada,  776 ;  quartz-reeiing  in  New  Zealand,  414 ;  system  of  filling  at  the 
Minnesota  Iron  Co.'s  mines,  Soudan,  Minn.,  299;  zinc,  in  southwest  Missouri,  14. 

Minnesota  Iron  Co.'s  iron-mines,  Soudan,  Minn.,  299. 

Minnesota  Iron  Co.,  Vermilion  range,  Minn.,  output  of  ore  in  1891,  676. 

Minnesota  iron-ore,  Vermilion  range,  Minn.,  analysis  of,  677. 

Miocene  rocks  in  Florida,  phosphates  in,  201. 

Missabe  Mountain  iron-mine,  Mesabi  range,  Minn.,  660,  681,  684 ;  analysis  of  ore,  675. 

Missouri :  lead  deposits  iu,  441 ;  zinc-blende  deposits,  3. 

Modern  Plant  for  the  Precipitation  of  Gold  from  Chlorine  Solutions  by  Sulphurous  Acid  and 
Hydrogen  Sulphide  (Laxgguth)  [xxxvi],  314. 

MoEN,  Philip  W.,  remarks  iu  discussion  of  Mr.  Rossi's  paper  on  titaniferous  ores  in 
the  blast-furnace,  864. 

Molybdic  acid,  reduction  of,  in  Emmerton's  method  for  determination  of  phos- 
phorus, 796. 

Mond's  process  of  obtaining  ammonia  from  gas-producers,  808. 

Montana  iron-mine,  Vermilion  range,  Minn.,  677. 

Montreal  and  St.  George  Snow-Shoe  Clubs,  Montreal,  Can.,  visit  to,  lix. 

Morris  Run  coal-mine,  Tioga  county.  Pa.  [798,803]. 

MoERis,  W.  H.:  Basic  Slags  as  Fertilizers  [s.x],  232;  The  Control  of  Silicon  in  Pig-Iron 
[xxi],  345;  remarks  iu  discussion  of  Mr.  Coffin's  paper  on  hot-blast  stoves, 
725,  733. 

MOESE,  WiLLARD  S. :  The  Use  of  Producer-Gas  for  Drying  and  Roa.'sting  Ore  at  the  Lixivi- 
ationMill  of  the  Holden  Smelting  and  Milling  Co.,  Aspen,  Colo.  [Ivi],  919. 

Mountain  iron-mine,  Mesabi  range,  Minn.,  650,  656,  680 ;  analysis  of  ore,  675. 

Mount  Stewart  Lead  and  Silver  Mining  Co.,  New  South  Wales,  874. 

Motive  Power  Department  of  the  Penn.  Railroad  Co.,  specifications  of,  for  structural 
material,  379  e<  seq. 

MoxHAM,  Edgar  C.  :  The  "  Great  Gossan  Lead"  of  Virginia  [xx],  133. 

Muffle- furnace  at  Marsac  Mill,  Park  City,  Utah,  288, 292. 

Mukai  on  density  and  hardness  of  steel,  626. 

Mullins  (Anderson)  lead-fluorspar  mine,  Hardin  county,  IU.,  33,  46  et  seq. 

"  Mullocky  reef,"  meaning  of,  iu  Otago,  New  Zealand,  426. 
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"Mundic," definition,  andlocal  usage  ofterm.  134;  maameticpyritef?  from Virginiamines, 
analyses  of,  138;  underlying  "  iron  hat  "  of  "gossan  "  ore  in  Virginia,  134,  137. 

Nanaimo  iron-mine,  Menominee  range,  Mich.,  646. 

Nashville  Furnace  Co.,  Nashville,  Tenn.,  furnace-test  of  Pineville  coke,  made  by, 58. 

Naughright  iron-mine,  Morris  county,  N.  J.,  278. 

Navassa,  island  of,  phosphate  deposits,  149. 

Neilson,  William  G.  :  Biographical  Notice  of  Edward  Nickels  [xix],  76. 

Xeustaedtee,  a.  :  Method  of  Plu/mbing  Shafts  [Ivi],  792. 

Xeversink  Hotel,  Reading,  Pa.,  meeting  of  Institute  at,  xliv. 

New  Chum  Eeef  gold-deposit,  Victoria,  Australia,  702  et  seq. 

New  England  Iron  Co.,  Mesahi  range,  Minn,,  iron-mines  of,  682,  684 ;  analysis  of  ore, 

675. 
New  Form  of  Furnace  for  Roasting  and  Oxidising  Ores  (Blake)  [Iv],  943. 
New  Jersey,  phosphatic  greensand  marls  of,  186. 
New  Jersey  Zinc  and  Iron  Co.,  crushing  plant  of,  532. 

New  Method  of  Removing  Skulls  from  Direct-  Metal  Ladles  (Baker)  [xxi],  122. 
New  Red,  White  and  Blue  Consolidated  gold-mine,  Victoria,  Australia,  696. 
New  River  coal-field,  W.  Va.,  54. 

New  River  coke,  statistics  of  manufacture,  1880  to  1889,  59. 
New  Tin  Mineralin  the  Black  Hills  CUhKB)  [xx],  240. 
New  York  State :  geological  map  of,  566 ;  list  of  publications  of  Geological  Survey, 

Museum,  and  Natural  History  Survey,  573;  phosphate  ores,  176. 
New  Zealaud,  Otago  gold-fields,  411, 442. 
Nichols,  Edward,  biographical  notice  of,  77. 

Nipigon  iron-ore,  Vermilion  range,  Minn.,  product  of,  in  1891,  677. 
Nitrogen  :  England's  annual  importation  of,  810  ;  percentage  of,  in  coal,  802. 
NiTZE,  H.  B.  C:  The  Magnetic  Iron-Ores  of  Ashe  Co.,  N.  C.  [xx],  260. 
North  Carolina,  magnetic  iron-ores  of,  260. 
Norwood  on  Geology  of  Illinois  and  Kentucky,  33. 39  f.^]. 
Note  on  Anthracite  "Coal  Apples"  from  Pennsylvania  (Grksley)  [Ivi],  824. 
Note  on  Boiler  Explosions  (Mason)  [xxxvi],  374. 

Note  on  a  Collection  of  Tertiary  Fossil  Plants  from  Potosi,  Bolivia  (Britton)  [xxxvi],  250. 
Note  on  the  Magnetic  Separation  of  Iron-Ore  at  the  Sanford  Ore-Bed,  Moriah,  Essex  Co., 

N.  Y.,in  1852  (Blake)  [xxxvii],  378. 
Note  on  Manganese  Steel  (Howe)  [xlvi],  625. 

Note  on  the  Occurrence  of  Grahamite  in  Texas  (Dumble)  [xlvi],  601. 
Note  on  Unfreezable  Dynamite  (Tratmax)  [Iv],  938. 
Note  on  the  Use  of  a  Mechanical  Stirrer  for  Promoting  Chemical  Action  (Landis)  [xxxvi], 

304. 
Notes  on  Emmerion's  Method  for  the  Determinaiion  of  Phosphorus  (Babbitt)  [Ivi],  794. 
Notes  on  the  Geological  Origin  of  Phosphate  of  Lime  in  the  United  States  and  Caiiada  (Da- 
vidson) [xx],  139. 
Notes  on  the  Geology  of  the  Half -Moon  Mine,  Pioche,  Nevada  (Wiltsee)  [Ivi],  867. 
Notes  on  the  Lease-  or  Tribute-System  of  Mining,  as  Practiced  in  Colorado  (Lawrence) 

[Ivi],  911. 
Notes  on  the  Selection  of  Iron-Ores,  Limestones,  and  Fuels  for  the  Blast- Furnace  (Gordon) 

[xxi],  61. 
Notla  Consolidated  Talc  Company,  Kinsey,  Cherokee  county,  N.  C,  587. 

Oakdale  coal-mine,  Shenandoah,  Pa.,  718. 

Observations  on  the  Relations  Between  the  Chemical  Constitution  and  Physical  Character  of 

Steel  (Weister)  [xlvi],  766;  discussion,  999. 
Occurrence  of  Coarse  Conglomerate  Above  the  Mammoth  Anthracite- Bed  (Lyman)  [xlvi], 

713. 
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Ocean  coal-mine,  Pittsbnrgli,  Pa.,  798  [805]. 

Ocher-deposits  in  Canada,  981,  987. 

Officers  of  the  Institute,  election  of:  February,  1892,  xxi ;  February,  1893,  Ivi. 

Ogden  irou-miue,  Sussex  county,  X.  J.,  test  of  Robins's  belts  at,  .550. 

Ohio  Coal  Co.  [798]. 

Ohio  iron-mine,  Mesabi  range,  Minn.,  681,  684;  analysis  of  ore,  676. 

Olcott,  E.  E.,  on  Ore-Knob  copper  deposits  [134]. 

Ontario,  phosphate  deposits  in,  176,  779,  1000. 

Open-pit  method  of  mining  iron-ore  at  Mesabi  range,  685,  961. 

Ore-crushers:  Blake,  Brennan,  Buchanan,  Krom,  Rockaway,  526;  comparison  of  dif- 
ferent kinds,  521  et  seq. ;  practicable  revolutions  per  minute,  526. 

Ore-deposition  :  not  affected  by  dikes,  696;  of  galenite  and  zinc-blende  influenced  by 
bitumen,  3. 

Ore-granulating  mill,  Cummings,  516. 

Ore-mixture  for  making  low  silicon  pig-iron  at  Durham  furnace,  348,  350. 

Ore-separators  :  Chase  magnetic,  503 ;  Hoffman,  514 :  Lovett-Finney  [504]. 

Origin  of  Mesabi  iron-ores,  662. 

Otago,  New  Zealand:  alluvial  mining  in,  442;  discovery  of  gold  in,  413;  gold-fields 
of,  411,  442. 

Otto  coal-mine,  Brauchdale,  Pa.,  718. 

Otto-Hoffman  oven,  812,  813. 

Ovens :  Appolt,  811 ;  bee-hive,  for  coke-making,  809  et  seq. ;  Coppee,  811 ;  Jameson's 
811;  Knab,  812;  Meiler,  810;  Otto-Hoffman,  812,  813;  Pernolet,  812;  of  Potts- 
town  Iron  Co.,  size  of,  745 ;  Semet-Solvay,  798  et  seq. ;  Simon-Carves,  812. 

Oxford  blast-furnace,  Warren  county,  N.  J.,  279. 

Pachamanca,  native  Peruvian  furnace  for  silver-lead  smelting,  26. 

Paddack's  iron-mine,  Mesabi  Range,  Minn.,  684. 

Paint-ore  deposits  in  Canada,  978. 

Palseozoic  rocks  of  southern  Illinois,  character  and  thickness  of,  35  et  seq. 

Pardee  coal-mine,  Phillipsburg,  Pa.  [798]. 

Pasley's  forge,  Ashe  county,  N.  C,  261,  266. 

Payne  coal-mine,  Schuylkill  county.  Pa.,  718. 

"  Pebble"  deposits  of  phosphate  of  lime,  142,  148,  164. 

Pebble-rock  phosphate-deposits  in  Florida,  201  et  seq. 

Pechin,  E.  C.  :  remarks  in  discussion  of  Mr.  Gayley's  paper  on  the  preservation  of 
hearth  and  bosh-walls,  118;  of  Mr.  Morris's  paper  on  the  control  of  silicon  in 
pig-iron,  352 ;  of  Mr.  Xitze's  paper  on  the  magnetic  (titaniferous)  iron-ores  of 
Ashe  county,  N.  C,  270. 

Pelican-Dives  silver-mine.  Clear  Creek  county,  Colo.  [913]. 

Pell  (Rosiclare)  lead-fluorspar-mine,  Hardin  county.  111.,  32  et  seq. 

Pena  de  Hierro  copper-mine,  Spain,  94. 

Pexhale,  Matthew:  remarks  in  discussion  of  Mr.  Tratman's  pajier  on  unfreezable 
dynamite,  940  ;  of  Mr.  Lawrence's  paper  on  the  lease-system  of  mining  in  Colo- 
rado. 919. 

Pennock,  J.  D. :  An  Investigation  of  Coals  for  Making  Coke  in  the  Semet-Solvay  Oveiit, 
with  the  Recovery  of  Ammonia  and  Tar;  and  Remarks  on  the  Sources  of  Ammonia 
[Ivi],  798. 

Pennsylvania  Diamond  Drill  Co.,  visit  to  works  [xlix]. 

Penrose,  R.  A.  F.,  Jr.,  on  the  origin  of  phosphate-deposits  [161]. 

Pequest  blast-furnace,  Oxford,  Warren  county,  N.  J.  [279],  350. 

Pernolet  oven,  812. 

Pfokdte,  Otto  F.  :  Aneieitt  Method  of  Silver- Lead  Smelting  in  Peru  [xxii],25;  Plain 
vs.  Corrugated  Belts  for  Vanners  [xxxvi],  280. 

Philadelphia  Bridge  Works,  visit  to  [xlix]. 
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Phillips,  William  B.  :  A  List  of  Minerals  Containing  at  Least  One  Per  Cent,  of 
Phosphoric  Acid  [xx],  188;  remarks  in  discussion  of  Mr,  Garrison's  paper  on 
the  Greene-Wahl  process  for  manufacturing  manganese  free  from  carbon,  904, 
906;  of  Mr.  Lawrence's  paper  on  the  lease-system  of  mining  in  Colorado,  918; 
of  Mr.  Eossi's  paper  on  titaniferous  ores  in  the  blast-furnace,  866;  of  Mr. 
Tratman's  paper  on  unfreezable  dynamite,  941, 

Phcenix  gold-mine,  Otago,  New  Zealand,  423. 

Phosphate  Chemistry  as  it  Concerns  the  Miner  (Chatard)   [xx],  160. 

Phosphates:  analyses  of,  164,  165,  172;  in  Canada,  140,  151 ;  chemical  constituents 
of,  221 ;  at  Crown  Point,  Essex  county,  N.  Y.,  158 ;  in  Florida,  147,  152,  203 ; 
hard-rock,  discovery  of,  in  Marion  county,  Fla.,  196 ;  import  of,  into  Great 
Britain,  780;  of  the  island  of  Navassa,  149;  manufacture  of  fertilizers  in  Flo- 
rida, 153 ;  occurrence  and  use  of  greensand  marls  in  New  Jersey,  186;  or- 
ganic fossil  remains  in,  146,  153,  155;  origin  of  in  Florida,  213;  production 
in  Canada,  780 ;  in  South  Carolina,  145,  152 ;  tank  treatment  for  maufacture  of, 
184  ;  tower  system  of  manufacture,  177,  181. 

Phosphate  of  lime:  geological  origin  of,  in  the  United  States  and  Canada,  139; 
gravels  of  Peace  river,  Florida,  196  ;  solubility  of,  in  carbonated  water,  215. 

Phosphate  Mines  of  Canada  (Small)  [Iv],  774 ;  discussion,  1000. 

Phosphate-Ores :  in  Canada,  140,  176 ;  cost  of  mining  and  milling  in  Canada,  179 ; 
Laurentian  low-grade,  176;  quantity  of  sulphuric  acid  required  per  ton  to  liber- 
ate the  phosphoric  acid,  185;  treatment  of  low-grade,  177  et  seq.;  in  the  United 
States,  140  et  seq.,  159. 

Phosphoric  acid,  liberation  of,  from  phosphate-ores,  185. 

Phosphorus:  effect  of  arsenic  on,  794  ;  effect  of  temperature  on,  797;  effect  of  time 
on,  797;  Emmerton's  method  for  determination  of,  794;  harmful  effect  on  iron 
and  steel,  188 ;  in  pig-iron,  method  of  determining,  307 ;  ratio  of,  to  molybdic 
acid,  795;  in  steel,  766  et  seq. 

Physical  tests  of  Pottstown  Iron  Co.'s  steel,  747,  757  et  seq. 

Pig-iron  (see  also  iron  and  cast-iron) :  analyses  of,  347,  349;  calculated,  cost  of,  from 
given  material,  71 ;  comparative  increase  of  population  and  production  of,  489 ; 
control  of  silicon  in,  345;  controllable  limits  of  sulphur  and  silicon  in,  346,  354; 
cost  of  manufacture,  487;  grading  of,  605;  grading  of,  by  grain,  355,  360;  influ- 
ence of  location  upon  the  industry,  473 ;  low  silicon  in,  due  to  fast  driving,  346, 
350;  method  of  determining  phosphorus  in,  307 ;  Pottstown  Iron  Co.'s  analyses 
of,  755  ;  production  in  the  United  States,  474,  477,  483,  967  ;  quality  of,  produced 
from  titaniferous  ores  at  Durham  furnace,  276 ;  silicon  in,  affected  by  titanic 
acid,  357 ;  silicon  in,  summary  of  theories  concerning,  349 ;  sulphur  in,  increased 
by  cold  running,  346. 

"  Pillar-and-stall  "  system  of  mining  at  Spanish  copper-mines,  93. 

Pine  Mountain  Iron  and  Coal  Co.,  Pineville,  Ky.,  coke-ovens  oi^  56. 

Pineville,  Ky.,  cokes  of,  56  et  seq. 

Pioneer  Quartz  (  "  O.  P.  Q."  )  gold-mine,  Otago,  New  Zealand,  416,  432. 

Plain  vs.  Corrugated  Belts  for  Vanners  (Pfoedte)  [xxxvi],  280. 

Plant  for  precipitation  of  gold  from  chlorine  solution,  description  and  details  of,  314 
et  seq. 

Platt,  J.  C,  remarks  in  discussion  on  the  crushing  of  iren-ore  fox  magnetic  separa- 
tion, 545. 

Pliocene  formation  in  Florida,  pebble-rock  phosphate  in,  201. 

Plumbing  shafts,  method  of,  792. 

Pocahontas  coal-field,  W.  Va.,  54. 

Pocahontas  coke ;  ash  of,  351 ;  cost  of  production,  935  ;  statistics  of  manufacture,  1880 
to  1889,  59. 

Poison  Branch  magnetic  iron-ore  deposit,  Ashe  county,  N.  C,  264, 

Port  Henry  iron-mines,  Essex  county,  N.  Y.,  277,  523  et  seq.;  grinding  and  crushing 
ore  at;  533,  538  et  seq. 
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Pottstown  Iron  Co.,  Montgomery  couuty,  Pa.,  305,  74.3;  analysis  of  slag,  232;  basic 
Bessemer  steel-works  of,  619;  visit  to  steel-works  of  [xlix]. 

Pottstown  Iron  Go's  steel-plant :  analyses  and  physical  tests  of  product,  747  et  seq. ; 
average  length  of  blow,  756;  Bessemer  converters,  750;  Wooming-train,  753; 
blowing-engines,  755 ;  boilers,  size  of,  746 ;  brick-making,  745 ;  converting  mill, 
746  ;  ingots,  weight  and  size  of,  753;  lime-kilns,  746  ;  size  of  ovens,  745. 

Pourcel,  Alexandre,  use  of  carbon-brick  by,  in  constructing  a  blast-furnace  at  Terre- 
Noire,  France,  120. 

Powell,  J.  W. :    The  Geologic  Map  of  the  United  States  [Ir],  &77. 

Precipitation,  of  gold  from  chlorine  solution,  314;  hastened  by  stirring,  305. 

Preliminary  Sketch  of  the  Phosphates  of  Florida  (Eldeidge;  [xx],  196. 

Premier  gold-mine,  Otago,  New  Zealand,  420. 

Preservation  of  the  Hearth  and  Bosh-walls  of  the  Blast-Fhrnace  (Gayley)  [xx],  102. 

Presses,  forging,  321  et  seq. 

Presses,  hydraulic  :  Baare  forging,  335 ;  at  Bethlehem  Iron  Company's  works,  Bethle- 
hem, Pa.,  343;  Bochum  forging,  335;  at  Clarence  iron-works,  Middlesborough, 
Eng.,  345  ;  compared  with  hammer  and  rolls,  343;  Daelen  horizontal,  328;  Duis- 
burger  Co's  forging,  333;  high  pressure  in  iron-works,  321  et  seq;  Walker  verti- 
cal, 342  ;  Whitworth,  for  steel  ingots,  343. 

Producer-gas,  for  drying  and  roasting  ore,  919. 

Production  :  of  copper  in  United  States,  969;  of  gold  in  New  Zealaad,  414 ;  of  iron-ore 
in  United  States,  967:  of  phosphate  in  Canada,  780  r  of  pig-iron  in  the  United 
States,  1887-91,  476  et  seq.;  of  steel,  annual,  in  United  States,  968. 

Prott  and  SeelhofiF's  pneumatic  accumulator,  330. 

Pseudomorphs  of  native  copper  after  azurite,  Grant  county,  Xew  Mexico,  308,  et  seq. 

Pulaski  blast-furnace,  Ya.,  per  cent,  of  silicon  in  iron  of,  352. 

Pulley,  variable-speed,  907. 

Pump.s  :  Gould  triplex  electric,  xxxix;  steam,  with  and  without  fly-wheel  aud  accu- 
mulator, 323  et  seq. 

Pyrites-deposits  in  Canada,  778. 

Pyrites  from  Crotou  magnetic  iron-mines,  analyses  of,  513i 

Pyritic  smelting,  record  of  run  in  Leadville  furnaces,  72. 

Pyrometer,  Wiborgh  air,  592. 

Pyroxene,  hardness  and  specific  gravity  of,  176. 

Quartz  lodes,  gold-bearing,  of  Otago,  New  Zealand,  415. 
"  Quartz-reeiing  "  or  vein-mining  in  Otago  gold-field,  New  Zealand,  414. 
Quebec,  Province  of,  Can. :  manufacture  of  iron  in,  974  et  seq.;  phosphate  deposits, 
176,  779, 1000. 

Eadnor  Forges,  Can.,  iron-works  at,  975  etseq;  visit  to,  Ix. 

Rand  Drill  Company,  Little  Giant  drill  of,' 589. 

Rasin  Fertilizing  Works,  visit  to  [xxx]. 

Ray  iron-ore,  Mich.,  analysis  of.  678. 

Raymond  and  Ely  silver-mine,  Pioche,  Nev.,  870,  872. 

Raymond,  R.  W.  :  remarks  in  discussion  of  Mr.  Coffin's  paper  on  hot-blast  stoves, 
729,  734;  on  the  crushing  of  iron-ore  for  magnetic  separation,  539,  542;  of  Mr. 
Garrison's  paper  on  the  Greene- Wahl  process  for  manufacturing  manganese  free 
from  carbon,  905,  906;  of  Mr.  Gayley's  paper  on  the  preservation  of  hearth  and 
bosh-walls,  119;  of  Mr.  Kunz's  paper  on  Bohemian  garuets,  249;  of  Mr.  Law- 
rence's paper  on  the  lease-system  of  mining  in  Colorado,  915,  919;  of  Mr.  Morris's 
paper  on  silicon  in  pig-iron,  3.58  ;  of  Mr.  Nitze's  paper  on  magnetic  iron-ores  of 
Ashe  couuty,  N.  C,  274,  275,  278;  of  Mr.  Tratmau's  paper  on  unfreezable  dyna- 
mite, 940  ;  of  Mr.  Wiltsee's  jiaper  on  the  geology  of  the  Half-Moou  mine.  872. 

Reading  Hardware  Works,  visit  to  [xlviii]. 

Reading,  Pa.,  statistics  of  manufactures,  xliv. 
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Eeadirg  Pipe-Mill,  visit  to  [xlviii]. 

Red  Hill  magnetic  iron-ore  deposit,  Ashe  county,  N.  C,  264. 

Red  Lake  iron-ore,  Vermilion  range,  Minn.,  analysis  of,  677. 

Red  Mountain  district,  Ala.,  Clinton  iron-ores,  351,  352. 

"  Red  sand,"  machine  for  removal  of  iron-ore  from,  378. 

Reduction-works:  Australia:  New  South  Wales;  Mount  Stewart  Lead  and  Silver 
Mining  Co.,  874. 

Reduction  Works  of  the  Moimt  Steicart  Lead  and  Silver  Mining  Company,  Leadville,  New 
South  Wales  (Drake)  [Iv],  874. 

"  Reefs,"  or  quartz-veins,  of  Otago  gold-fields,  New  Zealand,  417  et  seq. 

Replacement-theory  of  Mesabi  iron-ore  deposits,  664. 

Report  of  Council :  for  year  ending  January  31,  1892,  xxii ;   1893,  lli. 

Reynolds  coal-mine,  Jefferson  county,  Pa.  [798]. 

Ribbon-strncture  :  a  desirable  feature  of  gold-veins,  88;  in  La  Gardette  gold-mine, 
France,  82  et  seq. 

Richardson  coal-mine,  Glen  Carbon,  Pa.,  718. 

Richards,  Robert  H.  :  Additional  Notes  on  the  Prismatic  Stadia-Telescope  [Iv],  993. 

RiCKARD,  T.  A. :  Alluvial  Mining  in  Otago  [xxxvi],  442  :  The  Bendigo  Gold-Field  {Second 
Paper):  Ore-Deposits  Other  than  Saddles  [xlvi],  666;  La  Gardette:  the  History  of  a 
French  Gold-Mine  [xxi],  79  ;    The  Gold-Fields  of  Otago  [xxxvi],  411. 

Riehle  coal-tract,  Schuylkill  county.  Pa.,  717. 

Rio  Tinto  copper-mine,  Huelva,  Spain,  90  et  seq.  [301]. 

River  magnetic  iron-ore  belt,  Ashe  county,  N.  C,  262. 

"  River-pebble  "  phosphate-deposits  in  Florida,  208,  213. 

Roasting-furnaces  :  new  form  of,  943  :  Stctefeldt,  921. 

R0BBIN8,  Thomas,  Jr.  :  remarks  in  discussion  on  the  crushing  of  irou-ore  for  mag- 
netic separation,  550;  rubber-belts  manufactured  by,  .542. 

Robertson  on  grades  of  Birmingham  iron,  351. 

Robesonia  blast-furnace.  Berks  county,  Pa..  621. 

Rockaway  ore-crusher,  526. 

Eock-Drill  Applied  to  Opening  the  Tapping-Hole  of  a  Blast-Furnace  (Baker)  [xlvi],  588. 

Roessler  converter,  288,  289;  experiments  with,  at  Marsac  Mill,  Park  City,  Utah,  75,. 
289. 

Rolling-mills:  Bohemia:  Kladiio  [755]. 

Rosiclare  (Pell)  lead-fluorspar-mines,  Hardin  county,  Ills.,  32  et  seq. 

Rossi,  Auguste  J. :   Titaniferous  Ores  in  the  Blast-Furnace  [Iv],  832.. 

Rouchleau  iron-mine,  Mesabi  range,  Minn.,  684. 

Roxburg  Amalgamated  Mining  Co.,  Otago,  New  Zealand,  4.57. 

Royal  lead-mine,  Livingston  county,  Ky.,  39. 

Rubber  belts,  Robbins,  542. 

Rutter's  bloomary  forge  (ancient),  618. 

Sahlin,  Axel:   ITie  Granulation  of  Iron-Ore  by  Means  of  Crushers  and  Bolls  [xxxvi],. 

521  [534] ;   The  Talc  Liduslry  of  the   Gourerneur  District,  St.  Lawrence  County,  New-- 

York  [xlvi],  583. 
San  Dionisio  copper-mine,  Spain,  94. 

Sanford  iron-ore  bed,  Moriah,  Essex  county,  N.  Y.,  158,  160. 
Santa  Rita  copper-mine,  Grant  county.  New  Mexico,  309. 
Santo  Domingo  copper-mine,  Spain,  93. 

Schoolcraft  on  abandoned  lead-diggings  of  southern  Illinois,  31, 
Schooley's  Mountain,  Jlorris  county,  N.  J.,  iron-ores  of,  278, 
Schuylkill  Valley,  meeting  of  Institute  in,  xliv. 
Scott,  James,  bosh  cooling-plate  designed  by,  108. 
Secretary  and  Treasurer,  financial  statement  of:  for  year  ending   .January  31,  1892; 

xxii ;  1893,  liii. 
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Security  iron-mine,  Mesabi  i-ange,  Minn.,  684.  • 

Seger  on  influence  of  silica  and  titanic  acid  on  fusibility  of  fire-clay,  846, 

Semet-Solvay  oven,  798  et  seq. 

Seven-Thirty  silver-mine,  Cedar  Creek  county,  Colo.  [913]. 

Shafts,  method  of  plumbing,  792. 

Shaler.  Prof.  X.  S.,  on  phosphate-deposits,  218. 

Shinn,  William  Powell,  biographical  notice  of,  394. 

Shippen  and  Wetherill  coal-tract,  Schuylkill  township,  Pa.,  713  et  seq. 

Sierra  Bullones  copper-mine,  Spain,  93.  94. 

Sigua  iron-district,  Cuba,  679. 

Silicon:  controllable  limits  of  sulphur  and,  in  pig,  346,  354;  control  of,  in  pig-iron, 
345;  eflfect  of  titanic  acid  on  silicon  in  pig,  357;  in  pig,  summary  of  theories  con- 
cerning, 349. 

Silver,  annual  output  of,  in  United  States,  970. 

Silver  Creek  coal  district,  Schuylkill  county,  Pa.,  717. 

Silver-fields:   Tasmania:  Zeehan  and  Dundas, -575, 

Silver-mines:  Colorado:  Clear  Creek  county;  Colorado  Central  [913];  Dunderberg 
[91.3]  ;  Pelican-Dives  [913] ;  Seven-Thirty  [91.3] ;  Terrible  [913] ;  Nevada:  Lincoln 
county;  Half-Moon,  867;  Mazeppa  [870];  Eaymond  and  Ely,  870,  872;  Yuba 
[870] ;  Tasmania  :  Zeehan  and  Dundas  district.  Maestries,  5S2. 

Silver-ores:  analyses  of,  582,  921;  drying  by  use  of  producer-gas  at  Aspen,  Colorado, 
920. 

Simon-Carves  oven,  812. 

yimidtaneoHS  Production  of  Ammonia,  Tar  and  Heating-Gas  (Hennin)  [xxi],  234. 

Skoda  iron-works,  Pilsen,  Germany,  335. 

Skulls,  method  of  removing,  from  direct-metal  ladles,  122. 

Slags  :  analyses  of,  232,  .348,  365  et  seg.,844,  846,851  et  seq. ;  blast-furnace,  calculation  of 
oxygen-ratio  in,  848;  calculation  of,  364  et  seq. ;  character  of,  found  near  furnaces 
in  Peru,  29  ;  desilverization  of  lead,  72;  fertilizing,  a  by-product  from  basic  Besse- 
mer converter,  233;  percentage  of  limestone  or  flux  to  produce  given  percentage 
of  silica,  365;  percentage  of  limestone  to  produce  given  oxygen-ratio  of  bases  to 
acid,  368 ;  rules  and  tables  for  calculation  of  proportion  of  ores  and  fluxes  to  pro- 
duce required  elements,  365  et  seq. ;  titaniferous,  experiments  on,  851;  from  titan- 
iferous  ores,  842. 

Slates  and  cherts,  greenish  silicious,  Mesabi  iron-range,  652. 

Slickeusides  at  La.Gardett«  gold-mine,  France,  82,  86. 

Slimes  (see  also  tailings),  treatment  of,  at  Webb  City,  Mo.,  23. 

Small,  H.  B.  :  Tlie  Phosphate  Mines  of  Canada  [Iv],  774;  discussion,  1000;  Mr.  Small  in 
discussion  of  his  paper,  1003. 

Smelting-works :  Kansas:  Crawford  county ;  Pittsburgh  (zinc i,  9;  Tasmania:  Zeehan 
and  Dundas,  575. 

Smith,  T.  Guilfokd  :  remarks  in  discussion  of  Mr.  Hall's  paper  on  a  geological  map 
of  New  York  .State,  572  (see  Errata,  1007j ;  of  Mr.  Morris's  paper  on  the  control 
of  silicon  in  pig-iron,  364. 

Smock,  Johx  C,  remarks  in  discusssion  of  Mr.  Stewart's  paper  on  low-grade  phos- 
phate ores,  186. 

Snow,  Charles  H.  :  Copper  Crystallizations  at  the  Copper  Glance  and  Potosi  Mine,  Grant 
County,  New  Mexico  [xxxvi],  308. 

"Soft"  phosphate-deposits  iu  Florida,  207,  209. 

Solvay  Process  Co.,  Syracuse,  N.  Y.,  798. 

Sotiel-Coronado  copper-mine,  Spain,  94. 

Sotter  Brothers'  boiler-works,  visit  to  [xlix]. 

Soudan  iron-ore,  Vermilion  range,  Minn.,  analysis  of,  677. 

South  Fork  coal-mines,  Cambria  county.  Pa.  [798,  803], 

South  Pine  coal-mine,  Schuylkill  county,  Pa.,  718. 
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Spaulding,  H.  C.  :  ^  Variahle-Speed  Pulley  [Ivi],  907. 

Specifications  for  Structural  Materials,  379  et  seq. 

Spiegeleisen,  physical  difference  between  ferro-manganese  and,  889. 

Split  Eock,  Onondaga  county,  N.  Y.,  titaniferous  iron-ores,  834. 

"Spur-formations"  in  Bendigo  gold-field,  687  et  seq. 

Stadia-telescope,  prismatic,  993. 

Stamp-mills:  Alaska,  817  et  seq. ;  California:  Mariposa,  Benton,  547;  Illinois:  Hardin 
county;  Mullins  Co.'s  lead-fluorspar,  44;  Utah:  Summit  county ;  Park  City, 
Marsac,  74,  286. 

Staub,  a.,  remarks  in  discussion  of  Mr.  Hennin's  paper  on  the  simultaneous  produc- 
tion of  ammonia,  tar  and  beating-gas,  239. 

St.  Clair  coal-mine,  Schuylkill  county.  Pa.,  718. 

Steam-intensifier,  324  et  seq. 

Steam-pumps,  323  et  seq.,  991. 

Steel:  analyses  of,  747,  762,  763,  764;  carbon,  manganese  and  phosphorus  in,  766  et 
seq. ;  composition  of,  examined  by  Mukai,  627 ;  ear-test  of,  759,  765 ;  fire-box,  spe- 
cial tests  of,  384 ;  Hadfield,  630:  Horde,  630;  increase  of  annual  output  in  United 
States,  968;  increase  of  strength  due  to  carbon,  phosphorus  and  manganese,  767, 
771 ;  for  locomotive-springs,  tests  of,  387;  manganese,  625 ;  manganese  and  carbon 
compared,  626 ;  objection  to  ferro-manganese  as  a  carbon-carrier  in  manufacture  of, 
888 ;  physical  effects  of  oxygen  in,  999  ;  physical  tests  of,  747,  7.57,  et  seq.  ;  relations 
between  the  chemical  constitution  and  physical  character  of,  766;  tests  of,  757  et 
seq. ;  766  et  seq,  ;  Tunner's  scale  of  hardness  for,  759  ;  ultimate  strength,  766  et  seq.  ; 
variation  of  tensile  strength  for  different  thickness  and  width  of  plates,  773. 

Steel-ingots,  weight  and  size  of  Pottstown  Iron  Co.'s,  753. 

Steel -works  (see  also  rolling-mills) :  Maryland:  Baltimore  county;  Sparrow's  Point, 
Maryland  Steel  Co. ,  122 ;  Pennsylvania:  Montgomery  county;  Pottstown  Iron  Co., 
619,  743;  Reading,  Carpenter,  599;   Bohemia:  Kladno  [755]. 

Stenhouse,  T.,  analysis  of  coal-ash  by,  801. 

Stetefeldt,  C.  a.  :  Experiments  icith  the  Roessler  Converter  at  the  Marsac  Eefinery,  Park 
City,  Utah  [xxi],  74 ;   The  Marsac  Refinery,  Park  City,  Utah  [xxxvi],  286. 

.Stetefeldt  furnace  for  roasting  ore  with  producer-gas  at  Aspen,  Colo.,  921. 

Stewakt,  John;  Laurentian  Low-Grade  Phosphate- Ores  [xx],  176. 

St.  Maurice  forge,  province  of  Quebec,  Can.,  974,  984. 

St.  Maurice  Paint  Co.,  Canada,  988. 

Stoves,  hot-blast :  Cowper,  720 ;  Durham,  723  et  seq. ;  Hugh  Kennedy,  720  et  seq. ;  Wei- 
mer,721,  741;  Whitwell,  720. 

Striations  on  walls  of  mines  in  Kentucky,  39. 

Stripping  at  iron-mines  of  Mesabi  range,  961. 

Structural  geology:  experiments  in,  ,558;  initial  dips  and  flexures  of  deposition,  556; 
isostatic  equilibrium,  556;  saddle-formation  in  gold-mine,  712;  slickensides  on 
bed  surfaces,  689;  studies  in,  551. 
Structural  material,  making  of  specifications  for,  379. 
Studies  in  structural  Geology  (Willis)  [xxxvii],  551. 

Sturtevant  mill :  at  Croton  magnetic  iron-mines,  522 ;  details  of,  127  et  seq. ;  granu- 
lating magnetic  iron-ore  with,  126,  532;    at  Port  Henry  iron-mine,  523  et  seq.  \ 
record  of  working  of,  532,  534  et  seq. 
Sucker  Flat  zinc-mines,  Jasper  county.  Mo.,  13. 

Sulphur:  in  coal  and  coke,  799;  percentage  of,  in  pig-iron,  346  e<  seg, 
Sunday  Lake  iron-mine,  Gogebic  range,  Mich.,  646. 
Sunrise  gold-mine,  Otago,  New  Zealand,  422. 

System  of  Filling  at  the  Mines  of  the  Minnesota  Iron  Company,  Soudan,  Minn.  (Bacon) 
[xxxvi],  299. 

Tables ;  of  comparative  increase  of  population  and  pig-iron  production,  489 ;  of  pro- 


1034  INDEX. 

ductiou  of  pig-iron  in  the  United  States  in  1887-91,477,  482;  of  results  of  con- 
centration on  plain  and  corrugated  vanner-belts,  283. 
Tailings,  treatment  of,  by  Chase  magnetic  ore-separator,  504  et  seq. 
laic   Industry  of   the    Gouverneur   District,  Si.  Lawrence  County,  Xew   York  (Sahlix) 

[xlvi],  583. 
Tapping-hole  of  a  blast-furnace,  rock-drill  applied  to  opening.  588. 
Tn.quia  (dried  llama-dung)  used  as  fuel  in  snielting-furuace  in  Peru,  26. 
Tar,  ammonia  and  heating-gas,  simultaneous  production  of,  234. 
Tar  and  ammonia,  recovery  of,  in  making  coke  in  Semet-Solvay  ovens,  798. 
Tar,  production  of,  per  ton  of  coal,  806. 
Terre  Xoire,  France,  blast-furnace  at,  120. 
Terrible  silver-mine.  Clear  Creek  county,  Colo.  [913]. 
Tests  of:  boiler-plate,  382;    dust  produced  by  Sturtevaut  mill,  532;    fire-box  steel, 

384;    locomotive  tires,  382 ;    steel  for  locomotive-springs,  387;    steel,  Pottstown 

Iron  Co.,  747,  757  et  seq.,  766  et  seq.  ;  structural  materials,  379  et  seq. 
Texas,  occurrence  of  grahamite  in,  601. 
Tharsis  copper-mines,  Spain,  90,  94. 
Thomaston  coal-mine,  Schuylkill  county.  Pa.,  718. 
Tiiree  Lakes  iron-mine,  Marquette  range,  Mich.,  646. 
Tilly  Foster  iron-mine,  Putnam  county,  X.  Y.,  519. 
Tin-mines:  South  Dakota:  Black  Hills,  Etta,  240. 
Tipperary  gold-mine,  Otago,  Xew  Zealand,  420. 
Titauate  slags,  842. 
Titanic  acid  :  affinity  of,  for  nitrogen  at  a  high  temperature,  841  ;  influence  of,  on 

fusibility  of  fire-clay,  846. 
Titaniferous  iron-ores:  of  Adirondack  region,  X.  Y.,  277;  analyses  of,  8.33 ;  of  Ashe 

county,  N.  C,  272;    in  Canada,  981;    early  use  of,  in  the  United   States,  835; 

infusibility  of,  866;  in  Sweden,  865. 
Titaniferous  magnetites,  Mesabi  iron-range,  661. 
Titaniferous  Ores  in  the  Blast-Furnace  (Rossi)  [Iv],  S32. 
Topographic  surveys  of  the  United  States,  present  condition  of,  611. 
Torbanite  [801]. 
Torrance,  John  F.,  remarks  in  discussion  of  Mr.  Tratinau's  paper  on  uufreezable 

dynamite,  942. 
Tower  iron-mine,  Vermilion  range,  Minn.,  646. 
Tower  for  treatment  of  phosphate-ores,  177,  181,  182. 
Trabue's  coal-mines,  Carrsville,  Livingston  county,  Ky.  [40]. 
Tratman,  E.  E.  Russell:  Note  on   Unfreesable  Dynamite  [Iv],  933. 
Treadwell  gold-mine,  Alaska,  815  et  seq. 

Trippel  and  Credner,  report  on  copper-deposits  of  Tennessee  [134]. 
Trotz,  Emanxtel  :   The  IVihorgh  Lnft  (Air}-  Pyrometer  [xlvi],  .592. 
True  fissure-veins  at  La  Gardette  gold-mine,  France,  83. 
Tuapeka  gold-field,  Otago,  New  Zealand,  413  et  seq. 
Tv    NER,   Petee  von,  remarks  (communication   to  the  Secretary)   in  discussion  of 

Mr.  Gayley's  paper  on  the  preservation  of  hearth  and  bosh-walls,  120. 
Tunner's  scale  of  hardness  for  iron  and  steel,  7.~i9. 
Tuyere-cooler,  McEwen,  119. 

Ulke.  Titus:  A  New  Tin  Mineral  in  the  Black  Hills  [xx],  240. 
United  States  X'^aval  Academy,  Annapolis,  visit  to  [x.xx]. 
United  States  Talc  Company,  St.  Lawrence  county,  X.  Y.,  58G. 
Upper  Natural  Dam  Company,  St.  Lawrence  county,  X.  Y.,  586. 
Ui)Sou  iron-mine,  Ashland  county,  Wis.,  646. 

I'se  of  Producer-Gas  for  Dryinri  and  Roasting   Ore  at  the  Li.viriation  Mill  of  the  If  olden 
Smelting  and  Milling  Co.,  Aspen.  Colorado  (Morse)  [Ivi],  919. 
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Vanners,  plain  vs.  corrugated  belts  for,  2S0. 

Varentrapp  aud  Will's  method  of  determining  nitrogen  in  coal,  802. 

Variable-Speed  Pulley  (Spaulding)  [Ivi],  907. 

Vennor,  H.  G.,  on  phosphate-ore  deposits,  177. 

Verein  deutscher  Eisenhiittenleute,  address  of,  xxv. 

Vermilion  iron-ore,  Vermilion  range,  Minn.,  analysis  of,  677, 

Vermilion  iron-range,  Minn.,  645  et  seq. ;  analysis  of  ores,  677 ;  product  of.  677. 

Vicksburg  limestones  on  Atlantic  coast-plain,  phosphatic  character  of,  145  et  seq. 

Victoria  Quartz  gold-mine,  Victoria,  Australia,  710. 

Victoria  Skating  Club,  Montreal,  Can.,  visit  to,  Ix. 

Virginia,  "  great  gossan  lead  "  of,  133. 

Virginia  iron-mine,  Mesabi  range,  Minn.,  684. 

Vivianite  in  southern  iron-ores,  180. 

Wages  of  phosphate-miners  in  Canada,  782'. 

Waipori  gold-field,  Otago,  New  Zealand,  416  et  seq. 

Walker  forging-press,  342. 

Waring  George  W.,  on  geology  of  the  Copper  Glance  and  Potosi  mine,  Grant  county, 

New  Mexico,  309. 
Warwick  blast-furnace,  Pottstown,  Montgomery  county,  Pa.,  351,  357,  619,  721  et 

seq. ;  visit  to,  xlix. 
Warwick  Iron  Co.,  Pottstown,  Pa.,  721  et  seq. 
Washington  Iron  Co.,  Mesabi  range,  Minn.,  685. 
Waverley  gold-mine.  Nova  Scotia,  "  barrel-quai'tz  "  in,  142. 
Weathered  rocks,  curious  specimens  of,  in  Otago  gold-field,  419. 
Webb  City,  Jasper  county.  Mo.,  zinc-mines  near,  3  et  seq. 
Webstek,  William  E.  :  Observations  mi  the  Relations  Betiveeii  the  Chemical  Cmistitutian 

and  Physical  Chavacter  of  Steel  [xlvi],  766:  discussion,  999. 
Weeks,  Joseph  D.  :  Biographical  Notice  of  William  Powell  Shinn  [■sxxv],  394. 
Weimer,  Asa  A.,  remarks  in  discussion  of  5Ir.  CoflBu's  paper  on  hot-blast  stoves, 

741. 
Weimer  hot-blast  stove,  721,  741. 

Weldon  iron-mine,  Morris  county,  X.  J.,  504,  .508;  magnetic  separation  at,  508. 
Wendt,  Arthur  F.,  fossil  plants  collected  by,  250. 
West  Virginia,  Pocahontas,  Flat  Top  and  New  River  coal-fields,  54. 
Wharton,  J.  C,  analyses  of  Pineville  coke  and  coke-ash  by,  58. 
White,  C.  B.,  analyses  of  magnetic  iron-ore  by,  265  et  seq. 
Whitney  and  Blake,  report  on  ore-de^wsits  of  Polk  county,  Tenn.  [134]. 
Whitney,  J.  D.,  report  on  Upper  Mississippi  lead-regions  [33],  42  [52]. 
Whitwell  hot-blast  stove  (modified)  720  et  seq. 
Whitworth  press  for  steel  ingot,  .34.3. 
Wihorgh  Luft  (Air)-  Pyrometer  (Tkotz)  [xlvi],  .592. 
Willis,  B.-^^iley  :    Studies  in  Structural  Geology  [xxxvii],  551. 
Wills,  J.  Lainson,  remarks  in  discussion  of  Mr.  Small's  paper  on  the  phosphate 

mines  of  Canada,  1000. 
WiLTSEE,  Ernest:  Notes  on  the  Geology  of  the  Half-Moon  Mine^  Pioche.  Nevada  [Ivi],  867. 
WiNC'HELL,  Horace  V.  :    The  Mesabi  Iron-Range  [xlvi],  644. 
Winchell,  H.  V.  and  Jones,  J.  T. :   The  Biwakik  Mine  [Iv],  951. 
Winthrop  iron-ore,  Marquette  county,  Mich.,  analysis  of,  678. 
Witherbee,  F.  S.,  address  of  welcome  at  Plattsburgh  meeting,  June,  1892,  xxxiii. 
WiTTMAN,  N.  B. :   The  Brown  Segmental  Wire-Gun  [xlv],  599;  remarks  in  discussion 

of  Mr.  CoflEin's  paper  on  hot-blast  stoves,  726. 
WooDwoRTH,  G.  L.,  remarks  in  discussion  of  Mr.  Tratmau's  paper  on  unfreezable 

dynamite,  941. 
Worthen  on  fluorspar-deposits  of  Rosiclare,  111.  [32],  43. 
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Wyatt,  Dr.  Francis:  remarks  in  discussion  of  Dr.  Chatard's  paper  on  phosphate 
chemistry,  172;  of  Mr.  Stewart's  paper  on  low-grade  phosphate-ores,  ISl ;  on 
phosphates  of  America  [161]. 

Wyoming  iron-mine,  Mesahi  range,  Minn.,  684. 

Yeates,  B.  S.,  on  pseudomorphs  of  native  copper  after  azurite,  from  Grant  county, 

New  Mexico,  308  eJjSeg. 
Yuba  silver-mine,  Lincoln  county,  Nevada  [870]. 

Zeehan  and  Dundas  Smelting-Works,  Tasmania  (Beardsley)  [xlv],  575  (see  Errata, 
1007). 

Ziervogel  extraction-works,  Mansfeld,  Germany  [288]. 

Zinc-blende  deposits  in  Missouri,  3. 

Zinc-Blende  Mines  ami  Mining  near  Wehh  City,  Mo.  (Hexeich)  [xxi],  3. 

Zinc-mines:  Jlfissom-t ;  Jasper  county.  Center  Creek  Mining  Company,  4  e<  seg. ;  Gar- 
rison, 13  ;  Sucker  Flat,  13. 

Zinc-ore  :  character  of  salable,  at  Webb  City,  Mo.,  9;  deposits  near  Webb  City,  Mo.,  3 
et  seq. 
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